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EFFECT OF VARIOUS DRUGS ON EXPERIMENTAL ASTHMA PRO- 
DUCED IN GUINEA PIGS BY EXPOSURE TO 
ATOMIZED HISTAMINE 

EARL R. LOEW, 1 MARGARET E. KAISER akd V. MOORE 

Front the Division of Pharmacological Research, Parke, Davis and Company Research 
Laboratories, Detroit 32, Michigan 

Received for publication July 16, 1945 

IVe have recently published data (1) indicating that benzhydryl alkamine 
ethers and other anti-histamine agents are markedly effective in reducing the 
severity of broncboconstriction following exposure of guinea pigs to atomized 
histamine solutions. In view of the fact that this technique has been used only 
to a limited extent it is important to determine whether the drugs found to be 
effective are limited to those employed clinically by virtue of their recognized 
efficacy in bronchial asthma and to those which possess a demonstrable anti- 
histamine or antispasmodic action. A comparison was made of the effectiveness 
of bronchodilator drugs, uterine and gastrointestinal antispasmodics, and other 
types of drugs in experimental asthma induced with atomized histamine. 

Methods. Prophylactic treatment was effected by intraperitoneal administration of 
drugs 15 minutes before subjecting guinea pigs to atomized histamine under conditions as 
previously described (1). To control possible daily variation a separate group of control 
animals was utilized in each daily experiment. The incidence of nsphyxial deaths due to 
severe broncboconstriction in the untreated control animals consistently amounted to “5 
to 100 per cent, whereas a reduction of mortality to 25 or 65 per cent in groups of 12 to 20 
treated animals constituted a significant difference which suggested that the severity of 
broncboconstriction had been diminished. Untreated, control animals usually died in four 
to ten minutes. Since administration of histamine was by inhalation, it is conceivable 
that drugs which increase or decrease the respiratory exchange, and therefore the amount 
of histamine inhaled, would increase or lessen mortality. It is important, therefore, to 
note the effects of drugs known to have respiratory' stimulant or depressant properties. 

Results. As stated in our previous publication (1), an activity index of 
unity was given to aminophylline (table 1) which, with a dose of 50 mgm./kgm. 
administered intraperitoncally, significantly reduced the mortality to 50 or 30 per 
cent. The minimal effective dose of all drugs was considered as the least dose 
which yielded a reduction in percentage mortality to 50 or 30 per cent in groups 
of 12 to 20 guinea pigs. The activity index of any drug is the ratio of minimal 
effective dose of aminophylline (50 mgm./kgm.) to the minimal effective close of 
the given drug. Thus, papaverine was effective at a dosage level of 25 mgm./ 
fcgm. and the activity index therefore became 50/25 or 2.0. No activity index 
was ascribed to a drug if do-o of reasonable magnitude failed to exert beneficial 
effects. 

A. Ant^pamtxhcs. Data piesented in table 1 indicate that papaverine and 

1 Present Address. Department of Pharmacology, University of Rlinois College of Medi- 
cine, JCT West Polk Street, Chicago 12, Illinois. 
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TABLE 1 


Effect of drugs on mortality rate of guinea pigs exposed to atomized histamine 



TREATED* 

UNTREATED 

CONTROLS 

DECREASE 



CHEMICAL COMPOUND 


| Mortality j 

Mortality 

IN PER- 
CENTAGE 


TTVJTT 

INDEX 


Dose 








Ratio 

Per 

cent 

Ratio 

Per 

cent 





ngn./ 

















Tbeophylline-ethylenediamine 

50 

10/20 

50 

16/20 

so 

30 

0.05 

1 

(Aminophylline) 









Papaverine Hydrochloride 

25 


63 

16/16 

100 

37 

<0.01 

2 

Atropine Sulfate 

15 

16/28 

57 

28/31 

90 

33 

<0.01 

3 

l-Methyl-4-phenylpiperidine- 

25 

4/12 

33 j 

12/12 

100 

67 

<0.01 


4-carboxylic acid ethyl ester 

12.5 

3/12 

25 

10/12 

83 

5S 

o.ol 


hydrochloride (Demerol; iso- 

6 


50 

18/20 

90 

40 

<0.01 

8 

nipecaine) 

3 ! 



18/20 

90 | 

10 



/5-Dime thylaminoethyl benzhy- 

3 


45 

19/20 

95 

50 



dryl ether hydrochloride 
(Benadryl)J 

1.5 

7/20 

85 i 

18/20 

90 

55 

<0.01 

33 

Epinephrine (Adrenalin Ohio- 

0.3 

5/12 

42 

14/15 

' 93 

51 

<0.01 


ride) 

0.1 

8/12 

66 

12/12 

100 

34 

0.02 

500 


0.05 

17/20 

85 

18/20 

90 

j 5 


; 

Ephedrine Hydrochloride 

20 

EiS' 

95 

17/20 

85 





10 


95 

17/20 

! 85 




2-Aminoheptane Sulfate (Tu- 

5 


70 

15/20 

75 

5 



amine Sulfate) 









Caffeine Sodium Benzoate 

50 

17/20 

85 

16/20 

80 





25 

19/20 

95 

19/20 

95 




/S-Diethylaminoethyl diphenyl- 

50 

11/16 

69 

13/16 

81 

12 

>0.5 


acetate hydrochloride (Tras- 
entin) 









fi-Diethylaminoethylfiuorene- 

50 


95 

18/20 

90 




9-carboxylate hydrochloride 
(Pavatrine) 

25 ■ 

15/16 

94 

17/20 

85 




•r-Diethylamino-fi, ff-dimethyl- 

30 


83 

13/16 

81 




propyl-dl-tropatc phosphate 
(Syntropan) 










• All compounds administered by intraperitoneal injection. 

f P values from Fisher’s Table. Value less than 0.05 indicative of significant difference. 
} Data from reference No. I. 

§ Animals exhibited ataxia and slight degree of depression. 

•j Definite depression; most of animals prostrate. 
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TABLE l— Continued 



TREATED* 

LTKTSXATED 

CONTROLS 

DECREASE 



CHEMICAL COMPOUND 


Mortality 

Mortality 

JN TER- 
CENTACE 
HORTALTTT 


TIVITV 

INDEX 


Dose 

Ratio 

Per 

cent 

Ratio 

Per 

cent 




msn.f 

ktnt. 








Physostigmine Salicylate 

0.75 

16/16 

100 






Ergotamine Tartrate 

0.15 

12/12 

100 

12/12 





1.5 

12/12 

100 

12/12 





Morphine Sulfate 

25 


90 


100 

10 



Pentobarbital Sodium 

10| 

1 10/20 

05 


95 





m 


60 

17/20 

85 

25 

1 

0.07 


2-Butoxy-4-(0-diethylamino- 

5 

20/20 ’ 

100 

19/20 

95 




ethylamido) carboxy quino- 
line hydrochloride (Niipcr- 
cainc) 









Dietbylaminoetbyl p-nmino- 
benzoate hydrochloride (Pro 
caine) 

25 

19/20 

95 

19/20 

95 





•atropine with activity indices of 2 and 3, respectively, are both more effective 
than aminophyllinc in reducing the mortality rate of guinea pigs exposed to 
atomized histamine. Demerol (isonipecaine) was very efficacious as indicated 
by the reduction in mortality following a dose of only G.O mgm./kgm., thus 
giving an activity index of 8. Previously published data (1) indicating the 
marked effectiveness of Benadryl 1 have been included in table 1. With the 
doses employed, Trasentin, Pavatrine, and Syntropan were ineffective in relieving 
histamine-induced bronchoconstriction. 

B. Pressor amines and respiratory depressants. Epinephrine reduced mortality 
but administration of a comparatively large dose (0.3 mgm./kgm.) of such a 
potent drug did not completely eliminate mortality. In contrast, tolerated doses 
of a compound such ns Benadryl which antagonizes histamine in a more specific 
manner (11) reduced mortality to zero and suppressed symptoms to an appreci- 
able degree (1). Although epinephrine is probably the most potent drug (on an 
absolute dosage basis) which decreases the severity of histamine-induced broncho- 
constriction, it lacks the specificity of action possessed by a number of anti- 
histamine compounds. 

Hphcdrinc was ineffective in experimental asthma even though a wide range 
of doses were administered both orally and intraperitoneally. Typical data are 
presented. 

1 e-Dimclhy!aminoclhyl bcnzhydryl ether hydrochloride. 
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Tuamine sulfate, a pressor amine of the aliphatic type (3), failed to alleviate 
histamine-induced asthma. 

Drugs known to depress respiration, pentobarbital and morphine, did not 
reduce the mortality rate of guinea pigs which received histamine by the in- 
halant method. 

C. Miscellaneous drugs. Physostigmine administration aggravated histamine 
shock as indicated by 100 per cent mortality and the rapidity with which the 
animals succumbed. In a separate experiment it was demonstrated that after 
treatment with physostigmine a mortality of SO per cent Of twenty animals re- 
sulted following a smaller dose of histamine which was fatal to only 50 per cent 
of twenty untreated guinea pigs. The detrimental effects of physostigmine in 
histamine shock may be referable to the potentiation of the systemic effects of 
acetylcholine which would be liberated in increased quantities during asphyxial 
convulsions. However, consideration should also be given to other factors, such 
as toxicity, pulmonary edema, and pharmacological properties of physostigmine 
which are unrelated to anti-cholinesterase activity. 

It was of interest to determine the effects of a sympathicolytic agent such as 
ergotamine tartrate on histamine-induced asthma in view of the fact that 929F 
4) and the dioxane derivatives, S83F and 933F, possess sympathicolytic and 
anti-histamine properties (5-7). The doses of ergotamine employed, 0.15 and 
1.5 mgm./kgm., were chosen to represent sympathicomimetic and sympathico- 
lytic doses, respectively (8). Neither dose conferred any protection. 

Two local anesthetics, Procaine and Nupercaine, were found to be devoid of 
anti-histamine activity. 

Discussion. Several antispasmodics were included in the present study' in 
order to determine their relative effectiveness, if any, in alleviating the experi- 
mental asthma induced with atomized liistamine. The neurotropic and musculo- 
tropic antispasmodics, atropine and papaverine, respectively, proved effective 
and are known to be capable of reliering the bronchoconstriction encountered in 
anaphylactic and histamine shock (2, 4, 9, 13, 14). The necessity' of giving 
large doses of atropine probably' accounts for the conflicting opinions expressed 
in the earlier literature (2) regarding the effectiveness of atropine in anaphylactic 
shock. 

Trasentin, Pavatrine, and Syntropan were ineffective despite the fact that 
each is appreciably effective in antagonizing the spasmogenic effect of histamine 
on intestinal or uterine smooth muscle in vitro (9-11). We have found no 
evidence in the literature which indicates that these compounds have a promi- 
nent bronchodilator action. Nevertheless, an anti-histamine action can readily' 
be demonstrated on smooth muscle of the intestine and uterus. In contrast, 
aminophylline has a comparatively weak anti-histamine action when tested on 
intestinal smooth muscle (12) but is effective in reducing mortality' in experi- 
mental astlima and gives relief in clinical cases of bronchial asthma. These facts 
suggest that aminophylline has an anti-histamine action which is prominent on 
bronchiolar muscle. Lehman and Young (13) have recently pointed out that 
such salutary effects of aminophylline in histamine-induced asthma are probably 
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not related solely to relief of bronchoconstriction but to alleviation of spasm of 
pulmonary blood vessels as well. Although atropine and papaverine reduced the 
mortality rate of guinea pigs exposed to atomized histamine, no significant selec- 
tive action on broncliiolar smooth muscle can be inferred since these drugs have 
pronounced antispasmodic action on other tissues. 

Experimental and clinical literature relating to Demerol indicate that this 
analgetic compound possesses sedative and antispasmodic properties (for refer- 
ences see 15-17). Demerol must possess a distinctive anti-histamine or bron- 
chiolar antispasmodic action for our data reveal a marked ability to alleviate 
histamine-induced asthma; in fact the potency of Demerol is equalled or exceeded 
only by epinephrine, anti-histamine drugs such as several benzhydryl alkamine 
ethers (1) and the Foumeau histamine antagonists, 1571F and 929F (1, 4). 
These data corroborate Scliaumann’s demonstration (17) that Demerol allexdates 
histamine-induced asthma in guinea pigs. It is pertinent to note that hypo- 
dermic injection of Demerol is an effective means of treating acute attacks of 
bronchial asthma (15). 

We were unable to demonstrate that ephedrine decreased the severity of 
asthma induced by inhalation of histamine. Issekutz and Genersich (18) found 
that ephedrine failed to allexdate even less severe asthma induced in like manner. 
The ineffectiveness of ephedrine may be due to the fact that respiratory stimula- 
tion increases the amount of histamine inhaled and thereby completely masks 
the bronchodilator properties of ephedrine. In support of this assumption is 
the fact that when guinea pigs xvere subjected to smaller quantities of atomized 
histamine which killed only 50 per cent of 20 untreated animals, the incidence of 
mortality was increased to SO per cent in 20 animals pretreated xvith ephedrine 
(20 mgm./kgm.). On the other hand, it is not surprising that ephedrine failed 
to alleviate the bronchoconstriction induced with histamine since it is rated as a 
poor bronchodilator by those investigators (20, and refs, cited) who have studied 
it in isolated guinea pig lungs and anesthetized dogs. 

Caffeine did not increase or decrease the severity of bronchoconstriction. Re- 
spiratory stimulation xvith caffeine xx-ould probably exceed that folloxx-ing ephed- 
rine but the bronchodilator effect of the xantliine molecule might mask any 
increased lethal effect due to increased inhalation of histamine. With caffeine 
sodium benzoate the xantliine content and amount injected xvas appreciably 
lower than the amount in the dose of aminophylline which xvas considered to be 
the minimal effective dose. 

It was deemed important to determine xvhether respiratory depressants xvould 
be effective in reducing the severity of asthma induced by inhalation of histamine. 
Pentobarbital as well as morphine proved ineffective. We have secured no exd- 
dencc which indicates that respiratory depressants significantly reduce mortality. 
Among several hundred synthetic compounds tested, a small number relieved 
asthma and in each instance the compound xvas found capable of relaxing isolated 
intestinal muscle, thus demonstrating antispasmodic action. We believe, there- 
fore, that the experimental technique employed selects only those drugs with 
antispasmodic or anti-histamine action and that the technique is valuable in 
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evaluating such drugs by aiding in determining the selective action of any anti- 
spasmodic on smooth muscle in various locations. 

Because of chemical similarities between antispasmodics and local anesthetics 
and because antispasmodics (9, 10, 19), as well as anti-histamine drugs such as 
the benzhydryl alkamine ethers (11), have appreciable local anesthetic action, 
Procaine and Nupercaine were tested for anti-histamine activity. The failure 
of these local anesthetics to decrease histamine shock is of experimental interest 
for Procaine is frequently used as a local anesthetic when intravenous injections 
are made in experiments dealing with histamine and anaphylactic shock. The 
local anesthetic, Stovaine, is reported to possess anti-histamine properties (2). 

SUMMARY 

Trasentin, Pavatrine, and Syntropan failed to alleviate experimental asthma 
induced in guinea pigs by exposing them to atomized histamine. Effective anti- 
spasmodic drugs in order of decreasing potency were: epinephrine, Benadryl, 
Demerol, atropine, papaverine, am) aminophylline. The effect of drugs in 
experimental asthma should assist in selecting those with selective antispasmodic 
action on various types of smooth muscle. 

Under the experimental conditions employed, bronchoconstrietion referable 
to inhalation of histamine was not diminished by ergotamine tartrate, the local 
anesthetics, Procaine and Nupercaine, or by respiratory depressants such as 
morphine and pentobarbital. 

Physostigmine and ephedrine increased the severity of the experimental 
asthma. 
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From (he Division of Pharmacological Research, Parke, Davis and Company Research 
Laboratories, Detroit SB, Michigan 


Received for publication. August 8, 1945 

Research, during the past decade has revealed that a number of synthetic 
organic compounds such as phenolic ethers (1, 2) and benzhydryl alkamine 
ethers (3-6) are effective histamine antagonists. The present report presents 
evidence that other ethers, alkyloxydiaminotriazines, are capable of antagonizing 
the action of histamine on smooth muscle of bronchioles and intestines. Twenty- 
four 2-substituted diaminotriazines have been tested for anti-histamine activity. 
These synthetic compounds- have the general formula. 


N 

/ \ 

HrN— C. C— R 

i A 

V 


NHi 


where R represents an alkyloxy, cycloalkyloxy, aryloxy, amino, or substituted 
amino group. 

Methods. The triazines were usually administered intraperitoneally to guinea pigs 
fifteen minutes before subjecting them to atomized histamine under conditions previously 
described (3). A few compounds of low solubility were suspended in 2 per cent gum acacia 
in water and administered orally in doses of 100 mgm./kgm. Compounds were considered 
as effective anti-histamine agents if the mortality due to severe bronchoconstriction was 
significantly less than the 80 to 100 per cent which obtained in groups of untreated control 
animals (table 1) exposed to atomized histamine during each day of experimentation. The 
potency of any compound was determined by finding the least dose which would reduce the 
percentage mortality of histamine-treated guinea pigs to 30 or 50 per cent. An activity 
index of unity was designated for aminophylline in which case the minimal effective dose 
was 50 mgm./kgm. The activity index for each drug represents the ratio of the dose of 
aminophylline (50 mgm./kgm.) to the minimal effective dose of the drug tested. No 
activity index was designated for those drugs which were ineffective with a dose of 50 mgm./ 
kgm. intraperitoneally, or 100 mgm./kgm. orally, or with a dose known to be near the 
.maximum amount tolerated. 


1 Present address: Department of Pharmacology, University of Illinois College of Medi- 
cine, 1S53 West Polk Street, Chicago 12, Illinois. 

•lie are greatly indebted to Dr. K. Banks and Mr. J. Controulis of the Chemical Re- 
search I-aboratories, Parke, Davis and Company, who synthesized the compounds which 
formed the basis of this study. 
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The ncute toxicity following intraperitoneal injection of 2 to 5 per cent aqueous solutions 
was determined for most of the compounds by administering each of five selected doses to 
a group of 12 mice, weighing 18 to 20 Grams, Deaths occurring during the next five days 
were recorded. The LD-50 was calculated from the deduced mortality obtained as indi- 
cated by Dragstedt and Lang (7, also cf. Behrens, S). 

Experiments were also made to determine the antispasmodic action of alkyloxytriarines 
on intestinal muscle. Several compounds found to be the most effective in experimental 
asthma were tested for their ability to prevent the spasmogenic effects of histamine, barium 
and acetylcholine. Segments of guinea pig ileum were suspended in 100 cc. of oxygenated 
Tyrode’s solution maintained at 3S°C. The spasmogenic agents employed and the final 
dilutions in the muscle bath were: histamine diphosphate, 1:12,500,000; barium chloride, 



. tfls ?7J 
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* tf i i" 1 • * •«« 


Fig. 1 . Spasmogenic Action or Histamine on Intestinal Muscle Inhibited bt Amino- 

PHYLLINE AND AlKYLOXYTRIAZINES 

Each contraction elicited with histamine diphosphate; continuous recording. 

Muscle was washed when each contraction attained maximum height; normal response 
of muscle obtained, immediately when test drugs were washed out. 

Ai — Aminophylline, 1 :5,000; no significant reauction of response to histamine. 

As — Aminophylline, 1:2,000; response to histamine redueea 55 per cent. 

As — Aminophylline, 1 : 1,666; response to histamine reduced 75 per cent. 

Note increased inhibition with increased dose of aminophylline. 

Ti — 2-sec.-n-Buto\y-4,6-diamino-6'triazine, 1:20,000; response to histamine reduced 
65 per cent. 

T- — 2-l6o-propo\y-4,G-diamino-s-triazine, 1:20,000; response to histamine reduced 
65 per cent. 

Tj — 2-n-Propoxy-4,6-diamino-s-triazinc, 1:20,000; response to histamine reduced 35 
per cent. 


1:10,000; and acetylcholine bromide, 1:50,000,000. After obtaining several control con- 
tractions of equal magnitude (fig. 1) with a given spasmogenic agent, a drug was added to 
the bath one minute before again adding the spasmogenic agent. Repeated tests \nctc 
made to determine the dilution of each compound which would inhibit the spasmogenic 
agents 75 to 100 per cent, i.e., almost completely prevent occurrence of spasm. Amino- 
phylline was alternated with the other compounds in each experiment in order to directly 
compare relative potencies. 

Results. A. Prevention of bronchoconslriction. Data presented in table 1 
reveal that all of the effective compounds contain an ether linkage. The most 
active compounds were alkyloxvtriazines (nos. 3, 4, 6, 7, and 25), each being 
four times ns potent as aminophylline in reducing mortality of histamine-treated 
guinea pigs, presumably by preventing bronchoconstriction. In general, activity 
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TABLE 1 — Continued 


rJTT.UTCAX COMPOUND 

TREATED* 

UNTREATED 

CONTROLS 

DECREASE 
IN PER- 
CENTAGE 

Pf 


Id-50, 
i act 
(lp.) 

Dose 

Route 

J Mortality 

Mortality 

Acnrrrr 

INDEX 

Ratio 

Ter 

cent 

Ratio 

m 



men./ 

li 








mpt./ 


ken. 


! 







ktn. 

14. ^-Dimethyl- 

25 

i.p. 


Tom 

18/20 

90 

20 

0.1 



aminoethoxy 











15. Cyclohexoxy 

25 

i.p. 

I 4/20 

20 

18/20 

90 

70 





12.5 

i.p. 


35 

16/20 

SO 

45 i 

<0.01 

4.0 

237 


6.0 

i.p. 

14/20 

70 

16/20 

80 

10 | 

0.47 



16. ^-Morpholino- 


i.p. 

11/16 

69 

18/20 

90 

21 

0.1 


>1000 

ethoxy 











17. Phenoxy 

50 

i.p. 


63 

15/16 

94 

31 

0.03 

1.0 


18. Benzyloxy 

25 

i.p. 

19/20 

95 

16/16 

100 

5 




19. Amino 


Oral 

11/12 

92 

14/16 

88 





20. Anilino 


I.P. 

13/16 

81 

15/16 

94 

13 

0.27 



21. p-Hydroxy 


Oral , 

11/12 

92 

14/16 

88 





pbenylamino 











22. p-Methyl- 


Oral 


83 

14/16 

SS 

5 




phenylnmino. 











23. o-Carboxy- 


Oral 

11/12 

92 

14/16 

ss 





phenylamino 











24. p-Amino- 

50 

I.P. 

6/12 


16/20 

so 

30 

>0.05 



phenyl 




1 I 




<0.10 




was highest with the alkyloxytriazines containing three or four carbon atoms in 
the aliphatic chain. Higher homologues, pentoxy to nonoxy, were less active; 
solubility was diminished. Incorporation of a tertiary amine in the aliphatic 
chain resulted in inactive compounds, i.e., dimetbylamino- and B-morpholino- 
ethoxy diaminotriazines (nos. 14 and 16). Of the two aryloxy derivatives (nos. 
17 and 18), only the phenoxy compound exhibited some activity. It is of interest 
to note that melamine itself, and its derivatives devoid of an ether linkage, were 
found to be ineffective anti-histamine agents. Thus, it is apparent that anti- 
histamine activity within this series of compounds is related to the ether linkage. 

Three alkyloxytriazines were also administered orally. Activity was demon- 
strated with the ethoxy and isopropoxy compounds, whereas the propoxy 
homologue failed to exhibit a significant effect with the dose employed. The 
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oral doses were only twice the minimal effective dose given intraperitoneally.but 
nevertheless w r ere effective in two of three cases. 

B. Acute toxicity. The acute toxicity of the propoxy and butoxy compounds 
which were the most active (nos. 3, 4, 6, and 7) is nearly one-half that of amino- 
phylline. Lower homologues possess low toxicity and activity, whereas higher 
homologues are more toxic and exhibit low activity, if any. The ratio of LD-50 
in mice to minimal effective dose in guinea pigs ranges from 25 to 40 for the 
most effective triazines, as compared with only 5 for aminophylline. Symptoms 
produced in mice by alkyloxytriazines during the course of LD-50 determinations 
included ataxia, depression, and vasodilatation. Large but non-fatal doses pro- 
duced hypnosis or depression which obtained for periods of 15 to 30 minutes in 
mice. Butoxy and propoxy triazines were injected intravenously in rabbits and 
produced discernible dilatation of ear vessels but no depression or hypnosis (or 

TABLE 2 


Maximal dilutions of drugs which inhibit the spasmogenic effects of histamine, barium, and 
acetylcholine on isolated guinea pig ileum 


DECO 

HISTAMINE 

DS’EOSraATE 

BAXimt CHLOXIDE 

ACETYLCHOLINE 

BSOMIHE 

ANTZ- 

ASTBVLVTIC 

INDEXt 

Theophylline-cthylenediamine 
(Aminophylline) 

l: ,700-1,000 

; 

1: 333- 666 

l: 333- 666 

1 

1. 2-Scc.-n-Butoxy-4,6- 

diamino-s-triazine* 

1:5,000-10,000 

1:3,333-5,000 

1:3,333-5,000 

4 

2. 2-iso-T > ropoxy-4,6-diamino- 
s-triazine 

1:6,000-10,000 

1:1,250-2,500 

1:1,666-2,500 

4 

3. 2-n-Propoxy-i,6-diam\no- 
j-triazinc 

1:1,000- 2,000 

1:2,000-3,333 

1:1,666-2,500 

4 


• All triazines as hydrochlorides; arranged in order of decreasing potency, 
t Potency relative to alleviation of histamine-induced asthma; see table 1. 


deaths) following doses of 25 to 200 mgm./kgm. administered over a period of 
3 minutes. 

C. Intestinal muscle. Data contained in table 2 represent dilutions of amino- 
phylline and three alkyloxytriazines which were capable of inhibiting the spasmo- 
genic action of histamine, barium, and acetylcholine. The triazines are tabulated 
in order of decreasing potency. A typical experiment is presented in fig. 1. 

Aminophylline was capable of preventing spasm but exhibited no definite 
preferential antagonism to any individual spasmogenic agent. Emmelin cl al. (9) 
have reported similar results. Whereas the three alkyloxytriazines chosen for 
further study were each four times as effective as aminophylline in histamine- 
induced asthma, the isopropoxy- and secondary butoxy-diaminotriazines proved 
to be ten times more effective than aminophylline in antagonizing the action of 
histamine on intestinal muscle. The butoxy compound exhibited the same 
superiority over aminophylline with respect to barium and acetylcholine antago- 
nism and showed no remarkable preferential action against any of the three 
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spasmogenic agents. The isopropoxy compound was appreciably less effective 
against barium and acetylcholine than against histamine. The third compound, 
2-n-propoxy-4,6-diamino-s-triazme, was two to five times more active than 
aminophylline against the various spasmogenic agents. There was no definite 
evidence of preferential action. 

In a few of the experiments it was noted that slight, transient spasm of the 
muscle occurred when the drugs were added to the bath. This effect was not 
correlatable with various degrees of acidity of the triazines. Furthermore, 
aminophylline, which is alkaline, sometimes had the same effect and is known to 
be somewhat irritating when administered to animals (10). This transient 
initial spasm of isolated muscle has been reported (9) with dilutions of amino- 
phylline similar to those which were employed in these experiments. 

Discussion. Among the twenty-four compounds in a series of 2-substituted 
diaminotriazines there were nineteen which contained an ether linkage and the 
majority of these compounds exhibited the ability to prevent histamine-induced 
bronchoconstriction in guinea pigs. The quantitative data clearly indicate that 
several of these ethers are four times more effective than aminophylline. No 
anti-histamine effectiveness was encountered in those compounds which did not 
possess an ether linkage. 

It is concluded from the studies with guinea pig ileum that 2-sec.-butoxy-4,6- 
dinmino-s-triazine is demonstrably superior to aminophylline and to propoxy- 
and iso-propoxy-diaminotriazines relative to antagonism of histamine, barium, 
and acetylcholines. No difference in activity among these triazines was demon- 
strated in the experiments dealing with prevention of bronchoconstriction in 
guinea pigs exposed to atomized histamine. The degree and order of activity 
would probably vary if studies were made on other types of smooth muscle. 

Since only a few types of synthetic compounds are known to be comparatively 
potent histamine antagonists it is of interest to note their chemical structure. 
Among the compounds which do not contain oxygen in an ether linkage but which 
possess anti-histamine properties are isonipecaine (Demerol) (11, 12) and 
N-phenyl-N-ethyl-N'-diethylethylene diamine (1571F) (1, 3, 13, 14), as well as 
several derivatives of the latter (15-22). From the series of phenolic ethers 
synthesized by Foumeau, 2-isopropyl-5-methylphenoxyethyIdiethylamine 
(929F) was found to have the strongest anti-histamine action (1). The activity 
of these phenolic ethers prompted a study (3, 4) to determine whether benzbydryl 
alkamine ethers possessed similar properties. Several compounds of this latter 
series were found to be comparatively strong anti-histamine agents. Benadryl 
(B-dimethvlaminoethyl benzhvdryl ether hydrochloride) relieves histamine- 
induced bronchoconstriction and anaphylactic shock in guinea pigs (3, 4) and 
also partially prevents the depressor action of liistamine (5). 

Thus, phenolic ethers, benzhvdryl ethers and diaminotriazine ethers all possess 
an ti-liis famine activity. Although the triazines are least potent, their activity 
is greater than antispasmodics such as aminophylline, papaverine, and atropine 
(12) with respect to prevention of histamine-induced bronchoconstriction in 
guinea pigs. Further pharmacological studies will be necessary to determine the 
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effectiveness of alkyloxytriazines as anti-histamine and general antispasmodie 
agents on smooth muscle in structures other than the bronchioles and intestines. 

SUMMARY 

Among a series of twenty-four 2-substituted diaminotriazines, several (propo.xy, 
isopropoxy, isobutoxy, sec.-butoxy and cyclohexoxy) were found to be four tunes 
as efficacious as aminophylkne in preventing experimental asthma induced in 
guinea pigs with atomized histamine. These triazine ethers are less potent than 
phenolic ethers and benzhydryl ethers with respect to anti-histamine action as 
tested on bronchiolar smooth muscle. The ratio of LD-50 in mice to minimal 
effective dose in guinea pigs was 25 to 40 for alkyloxydiammotriazines, as com- 
pared with only 5 for aminophylhne 

Alkyloxytriazines prevented spasm of guinea pig intestinal muscle which 
ordinarily follows addition of histamine, banum, or acetylcholine to the muscle 
bath. The anti-histamine action of three triazmes tested on intestinal tissue 
was two to ten times that of aminophylhne These compounds are not specific 
histamine antagonists for the spasmogenic effects of banum and acetylcholine 
were also antagomzed by dilutions of drug comparable to those effective against 
histamine 
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It is well known that Pitressin raises the blood pressure by peripheral con- 
striction and influences the myocardium through coronary constriction. Though 
it can cause a fall in blood pressure from myocardial weakening in experimental 
animals, no direct mention is made in the literature of any vasodilating action 
of Pitressin. 

Geiling and DeLawder (1) noticed that the femoral venous blood in the 
unanesthetized dog became more arterial in appearance following Pitressin. 
They studied the blood gas and lactic acid changes in the venous blood in dogs. 
With intravenous doses of Pitressin (10 to 12 units/animal) the oxygen content 
was increased and the carbon dioxide content was decreased for a period of from 
5 to 10 minutes. This effect roil l be referred to as the arterial shift produced bp 
Pitressin. Following this arterial shift, the conditions were reversed for 
various periods of time up to one hour. This will be referred to as the venous 
shift. During both shifts, the lactic acid content was always increased. These 
authors noted that only the venous shift occurred in the external jugular vein. 
In later papers from Geiling laboratory (2) it was observed that the oxygen con- 
sumption was decreased during the arterial shift and increased during the venous 
shift. These observations led to the suggestion that Pitressin might produce 
these effects by inhibiting certain enzymes in the tissues in a manner resembling 
the effect of cyanide or that the blood gas changes and lactic acid increase 
could have been produced by cutaneous constriction and simultaneous muscular 
vasodilation (1, 2). However, the decreased oxygen consumption could not be ex- 
plained in the latter manner so the inhibition of oxidative processes has seemed 
to be the probable explanation (3, 4). 

As a result of two observations in tliis laboratory', the problem has been re- 
investigated. These observations were first, that some patients experience a 
sensation of surface warmth following intravenous administration of Pitressin 
and second, that pulse contours from two of about seventy cats have shown the 
presence of vasodilation following Pitressin (sec fig. 1). 

General methods. All of the animals were narcotized with 5 mgm./kgm. of morphine. 
When extensive operative procedures were necessary, ether was used ns the anesthetic. 
Otherwise, the femoral artery and vein were exposed under procaine local anesthesia. 

1 Appreciation is expressed to Lederle Laboratories for supplying the heparin used in 
the flowmeter studies. 

Aid from Eli Lilly * Company in the form of a grant to the Department of Pharmacology 
is gratefully acknowledged. 


M 



VASODILATING ACTION OF PITRESSIN 


15 



Fig. 1. Femoral Pressure Pulses from one of Seventy Cats Studied 
Only two have shown this type of record . This cat received 150 mgm./kgm. of urethane 
three hours before these tracings were recorded. The other cat had received only procaine 
HC1 locally in order to expose the femoral vessels. In both cases tachyphylaxis to the 
depressor effect evidently developed since a second injection of Pitressin elevated the 
arterial pressure. At signal, lunit/kgm. of Pitressin was injected intravenously. Tracings, 
recorded on fast moving paper 1 minute before and 1 minute after the injection are in- 
serted at each side of the figure. These inserts show the details of pressure pulses during 
the control period and shortly after the maximal reduction in blood pressure. Notice 
the fall in arterial systolic and diastolic pressure which is atypical of Pitressin. Def- 
inite vasodilation apparently is present since for any given pressure, the rate of pressure 
descent during diastole, is markedly increased after the injection of Pitressin. At any- 
given pressure an increase in the rate of pressure descent during diastole, indicates vas- 
odilation (14). 



Vic. 2. Oxigln and Carbon Dioxide Content of Femoral Venous Blood of Dog 
Curves one • results with intravenous injection of 0 1 unit/kgm of Pitressin. Curves 
two - results of Geihng and DcLawder (2) with 0 5 unit/kgm. of Pitressin intravenously. 


Venous ami arterial blood samples were drawn into oxalated, mercury -filled syringes similar 
to those <lc«crtbod by Adrinni (5). Oxygen and carbon dioxide were determined mano- 
metneaUy by the method of Van Sivhe (6). Values for arterial gas concentrations arc 
onutted from this paper since the oxygen and carbon dioxide values for arterial blood showed 
no significant, change during any experiment Consistently typical arterial and venous 
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shifts of the femoral venous blood were obtained with 0.1 unit/kgm. of Pitressin. As 
shown by fig. 2, the changes, though less marked and less prolonged, did not differ qualita- 
tively from those produced by 0.5 unit/kgm. (approximate dose used by Geiling and 
DeLnwder (2)). 

Seven general approaches were made to the problem. The special procedures used in 
each group will be described along with the results obtained. In most but not all of any 
group of experiments, control blood gas responses to Pitressin were obtained 1 to 5 days 
before the experiment. 

Results and discussion. 1. Skinless leg. In five etherized dogs, the skin 
was completely removed from one leg, the femoral artery and vein were exposed 
in both legs and the blood pressure recorded from the carotid artery with a 
mercury' manometer. In two of the dogs, a Soskin type bubble-flowmeter (7) 
was inserted into each femoral artery and coagulation of blood was prevented 





Fin. 3. Mean Arterial Blood Pressure, Oxygen Content and Blood Flow to Skin- 
less and Control Legs of Morpiiikized Etherizf.d Doo 
Pit 1 = Intravenous injection of 0.2 unit/kgm. of Pitressin. Pit 2 *= Intra-arterial 
injection simultaneously in both legs of 0 02 unit/leg. 


by administration of heparin. In the other three dogs, simultaneously venous 
samples were taken from each leg together with arterial control samples. 

A 2 unit dose of Pitressin, administered intravenously, fig. 3 — Pit. 1, produced 
the characteristic arterial shift in the control leg followed by the venous shift 
while the skinless leg showed only the venous shift. The absence of the arterial 
shift in the skinless leg constitutes strong proof that the arterial shift in the 
control leg was not caused by inhibition of enzymes. It seems more likely that 
the arterial shift must he vascular in origin. It could arise from an increase in 
blood flow through the skin, cither passively from a rise in arterial pressure from 
constriction of vessels of other areas including muscles, sec fig. 3 — Pit. 1, or 
actively from vasodilation. A part of the increase in blood flow must originate 
from vasodilation since flow increased even though there is no elevation in arterial 
pressure in some animals, see fig. 3— Pit. 2. 
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The sequence of events that occurs may be as follows. The Pitressin con- 
stricts most of the peripheral blood vessels, especially those of the muscles, 
which as previously shown (8), decreases total blood flow in the leg. The blood 
which is now returned in the femoral vein is mostly from passively and actively 
dilated skin vessels (probably A-V shunts) and is more arterial in nature. Sub- 
sequently, as vasoconstriction of muscular areas diminishes, blood flow from 
these muscular areas is proportionally increased. Since it is markedly venous in 
character, the femoral venous blood now shows the venous shift. 

2. Coronary blood samples. The heart of a dog was exposed under ether anes- 
thesia and artificial respiration. Coronary blood samples were taken by in- 
serting a small needle into one of the large coronary veins. The coronary venous 
blood shows only the venous shift after Pitressin. In this organ, almost entirely 
muscular in nature, no evidence of enzyme inhibition wat obtained. 



Fio. 4. Oxtoen Content or Femoral Venous Blood P <=■ 1 Unit of Pitbessin/Dog 

Intbavekodblt 

3. Repealed doses of Pitressin. One unit of Pitressin was administered intra- 
venously to a narcotized dog every ten minutes. Femoral venous samples were 
taken one minute before and three minutes after each dose of Pitressin. Results 
from one of these animals are illustrated by fig. 4. The arterial shift occurred 
with each of the first six doses; thereafter the arterial shift did not occur. The 
venous shift became greater and greater with each dose. The same total amount 
of Pitressin administered in one injection (fig. 2) produced an arterial shift as 
well as the venous shift. The development of tachyphylaxis is rather strong 
evidence that reduction in oxygen consumption from enzyme inhibition is not 
responsible for the arterial shift. These results show that the arterial shift is 
not due to splenic contraction. The first dose of Pitressin should cause full 
splenic contraction and there is not time between doses for splenic relaxation (9). 

4* Rffrd of epinephrine. Two types of procedures were used to test the 
influence of epinephrine on the Pitressin arterial shift. In one case, the epi- 
nephrine was given intravenously just after the Pitressin. In the other, the 
epinephrine was given intra-arterially into the test leg just before the Pitrc.-sin 
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see fig. 5. Epinephrine in either case removed the arterial shift and intensified 
the venous shift. Epinephrine is known to constrict cutaneous vessels (10). 
Consequently it would be expected to interfere with the arterial shift, and it does. 
This is additional evidence that the arterial shift after Pitressin arises from 
cutaneous vascular changes. 

Though Pitressin and epinephrine elevate the arterial pressure, they generally 
have opposite effects on any particular vascular area. Vessels to the heart and 
skeletal muscles are constricted by Pitressin and dilated by epinephrine. Cuta- 
neous vessels are dilated by Pitressin and constricted by epinephrine. Since 
the vasoconstrictor action of both drugs predominate, these antagonistic drugs 
have synergistic effects upon the arterial pressure. 

5. Effect of denervation. One leg of the dog was denervated under morphine 
narcosis and procaine anesthesia; the femoral and sciatic nerves being cut high 



Fig. 5. Oxtgen Contest of Femoral Venous Blood 

Curve labeled “treated” was obtained from data from leg where 2.5 gamma/ksm-. 0 ^ 
epinephrine was injected into the femoral artery five minutes before the intravenous in- 
jection of 1 unit of Fitressin/dog. 

in the leg. The other leg was kept as a control. In the freshly denervated leg, 
the Pitressin arterial and venous shifts were both present, see fig. 0. The de- 
nervation, however, caused the venous blood to be much more arterial before 
the Pitressin was administered. 

Eight days after denervation, see fig. 7, the late effect of denervation is to 
abolish the arterial shift and to intensify the venous shift. Two possible 
explanations suggest themselves. Nerve degeneration may cause greater 
sensitivity of the peripheral vasoconstrictor mechanism to Pitressin or Pitressin 
may cause the liberation of epinephrine. This latter possibility is evidently 
eliminated by the observation that 0.2 unit of Pitressin injected into the artery 
caused complete arrest of venous outflow from the leg where nerve degeneration 
of GO days duration was present. This small dose of Pitressin into the artery 
arrested blood flow from the leg before appreciable amounts of the drug could 
ever have reached the adrenals. Nerve degeneration, ns is the case with 
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epinephrine (11), apparently increases the susceptibility of the constrictors to 
Pitressin, since intra-arterial injection of this dose into the control leg did not 
completely arrest the flow and did produce an initial arterial shift followed by 
a venous shift. 



Fig. 0. Oxygen Content op Femoral Venous Blood 
Eight leg was dcnervated fifteen minutes before the intravenous injection of 3 units of 
Pitreasin/dog. 



This observation that Pitressin completely arrests blood flow in the dcnervated 
leg indicates also that the drug is capable potentially of causing both dilation and 
constriction of skin vessels. 

0. Rabbit. It might be expected that these two actions might vary quan- 
titatively in different species. The study was extended to include the rabbit. 
Under morphine narcosis and procaine anesthesia, the trachea of rabbits were 
cxjx'-ed and connected by a small cannula to a Sanborn basal metabolism appa- 
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ratus. The femoral artery and vein were also exposed. Figure 8 illustrates 
the usual effect of Pitressin on the oxygen consumption and on the femoral venous 
blood gas concentrations. The rabbit does not show the arterial shift but does 
show the decreased oxygen consumption described by Geiling and DeLawder (2). 
The absence of the arterial shift in rabbits is in agreement with the observation 
that Pitressin causes constriction of ear vessels of rabbits (12). 

The main fact from which Geiling et al derived their theory that Pitressin 
inhibited oxidative processes was that the oxygen consumption of the animal 
decreases during the period of the arterial shift. This indicates an anaerobic 
type of metabolism. However, in the rabbit, the arterial shift does not occur, 
yet the decreased oxygen consumption is still present. Therefore, the decrease 
in oxygen consumption is probably not directly related to the arterial shift and 
can be explained as follows: Since cardiac output is markedly reduced (13), 
oxygen consumption by this organ is decreased. In addition, reduced oxygen 
consumption is possibly due to the vasoconstrictive action of Pitressin in certain 



Fig. 8, Oxygen Content of Femoral Venous Blood and Oxygen 
Consumption of Rabbit 

At "0” minute 0.1 unit/kgm. of Pitressin was injected intravenously 


organs that utilize large amounts of oxygen. The constricion results in 
poor blood flow and in a decreased uptake of oxygen. Possible sites of this 
vasoconstriction are skeletal muscles, cardiac muscle (13), viscera (9), and 
kidney (8). 


CONCLUSIONS 

In dogs, intravenous injections of Pitressin transiently increase blood flow 
through cutaneous vessels and decrease blood flow through vessels of muscular 
areas. The increased cutaneous flow originates passively from elevation of 
arterial pressure and actively from dilation of cutaneous vessels. 

Nerve section does not abolish these effects. The amount of cutaneous vaso- 
dilation varies in different dogs, varies under different conditions, and varies in 
different species. It is absent in most rabbits. In dogs it is abolished by pre- 
injection of epinephrine and by nerve degeneration. Tachyphylaxis develops 
to this vasodilator action of Pitressin. Pitressin also possesses cutaneous 
vasoconstrictive activity in rabbits and to a lesser extent in dogs. Nerve de- 
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generation heightens the sensitivity of blood vessels to the vasoconstrictive 
action of Pitressin. 

Through vasoconstriction, Pitressin restricts the amount of oxygen available 
in tissue and thereby limits oxidative processes. No evidence was found that 
Pitressin directly inhibits oxidative processes. 
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Introduction. Reports from this laboratory indicated that streptothricin 
was an effective chemotherapeutic agent for the treatment of experimental 
infections produced by gram-negative bacteria. Attention was drawn to the 
possible value of this drug in bacillary dysenteiy, typhoid fever, brucellosis 
and in the local treatment of infected wounds and bums (1, 2, 3). However, 
crude streptothricin was shown to produce certain toxic effects in mice and it 
was stated that the ultimate value of streptothricin as a chemotherapeutic 
agent for the systemic treatment of bacterial infections in man would largely 
depend upon the toxicity of the purified product. To date, the pharmacological 
properties of streptothricin have not been described in the literature. Certain 
phases of this problem are considered in this communication and show. that 
in its present form, streptothricin appears to be too toxic for systemic use in 
man. 

Materials. The source and care of the animals used in this study have been described 
in a previous report (4) and therefore will not be considered here. 

The streptothricin 1 used was obtained from two different types of broth and varied in 
potency from 50,000 to 500,000 units per gram. The first preparation, which for convenience 
henceforth shall be called streptothricin W, was isolated from a tryptone broth described by 
Waksman and Woodruff in 1942 (5). The second preparation, which will be designated as 
streptothricin F, was obtained by growing the same organism in a corn steep liquor medium 
developed by Foster and Woodruff in 1943 (6). All preparations of streptothricin were 
readily soluble in water. Aqueous solutions of the drug were acidic, but could be readily 
neutralized by the addition of small amounts of sodium hydroxide. 

Methods. Toxicity tests were performed in a variety of animal species by giving the 
drug parentcrally and by mouth. Since a number of deaths occurred 5 to 8 days after a 
single dose of streptothricin was given, observations were extended over a 10 to 20 day 
period. In the chronic toxicity studies in mice, rats and dogs, the food and water consump- 
tion, as well as the weight and general appearance of the animals were recorded. In the 
pharmacological studies, the blood pressure was measured by means of a mercury manom- 
eter connected to the carotid artery, and volume changes in the intestine, liver, and hind 
leg were recorded by means of a plethysmograph. Respiration was recorded by means of a 
Tambour connected directly to a Y-tube inserted into the trachea, and the heart rate by the 
method of Kniazuk (7). The drug was injected directly into the femoral or jugular vein, 
as indicated in individual experiments. Studies on the isolated ear were performed accord- 
ing to the method of Rischbietcr (8). The influence of these drugs on the isolated rabbit 
intestine and uterus was determined by suspending an intestinal or uterine strip in a 100 
ec. bath of oxygenated Locke's solution at constant temperature, and adding the test drug 
to this bath. Water diuresis was measured as described in a previous communication (9). 

In the biochemical studies, the following methods were used: the micro-Kjeldahl pro- 

1 The streptothricin employed in these studies was obtained from the chemists of the 
Research Laboratories of Merck & Co., Inc., from cultures grown by Dr. J. W. Foster. 
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cedure for the determination of plasma total nitrogen and non-protein nitrogen (10% tri- 
chloracetic acid blood filtrate), the Conway diffusion method for blood urea (10), the Cullen 
sad Van Slyke procedure for plasma fibrinogen (11), and tbe method of Lowry and Hastings 
for specific gravity of serum (12). 

In the absorption and excretion studies the concentration of streptothricin was deter- 
mined by means of a modification of the method of Foster and Woodruff (13). Details of 
this procedure have recently been described by Stebbins and Robinson (14). 

Results. Acute toxicity. A summary of the results obtained in the acute 
toxicity experiments with streptothricin F and W in mice, is presented in table 1. 
Similar findings were obtained in rats and dogs. These findings show that 
streptothricin obtained from the medium described by Foster and Woodruff 
(6) was somewhat more toxic than the streptothricin isolated from the original 
medium of Waksman (5). The difference in the toxicity of the two preparations 
was particularly striking if the observation period was limited to a 24 hour period. 
Furthermore, there was a marked difference in the nature of the acute toxic 
signs produced by the two preparations. With streptothricin W, a single intrave- 
nous or subcutaneous injection of a lethal dose produced no immediate untoward 


TABLE l 


Acute subcutaneous toxicity of streptothricin for mice (24 hr. observation) 
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dead 
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dead 
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40 
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40 
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40 
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125,000 

40 
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0 

40 

0 

40 

250,000 

40 

0 

100 

0 

40 

0 

mm 

500,000 

40 

0 

100 

16 

24 

40 


effects except a mild transitory blush reaction in dogs, such as that produced 
y the injection of small doses of histamine. There was no evidence of a tem- 
perature rise, indicating an absence of pyrogens. A number of days after the 
injection, the animals became lethargic and depressed, refused food and water, 
3 f ' n COma ^ et ’ nreen the 5th and 12th day, depending upon the purity 
0 fie preparation used. However, toxic signs could be produced immediately 
a er drug administration if very large doses were injected. Other toxic signs 
no cd 3-4 days before death were dehydration, a marked loss of body weight, 
an a decrease of several degrees in the body temperature. In mice, both the 
vary and lacrimal glands were stimulated by tbe drug so that copious saliva- 
ion and tears were noted simultaneously with the onset of the other toxic signs. 
e£e tox i c rigns were similar to those produced by the injection of albumoses 
(15). Upon autopsy 5 marked congestion of the liver was found 
1 general dilation of the blood vessels throughout the viscera. The kidneys 
PPeared blanched and the peritoneum edematous, 

j) A 50 ^pietc study of the histopathology of streptothricin will be published elsewhere by 
• W. Mushett and H. Martland. 






PHARMACOLOGICAL STUDIES ON STREPTOTHRICIN 


HARRY J. ROBINSON, OTTO E. GRAESSLE, MARY GUNDEL and 
ROBERT H. SILBER 

From the Merck Institute for Therapeutic Research, Rahway, New Jersey 
Received for publication August 27, 1945 

Introduction. Reports from this laboratory indicated that streptothricin 
was an effective chemotherapeutic agent for the treatment of experimental 
infections produced by gram-negative bacteria. Attention was drawn to the 
possible value of this drug in bacillary dysentery, typhoid fever, brucellosis 
and in the local treatment of infected wounds and bums (1, 2, 3). However, 
crude streptothricin was shown to produce certain toxic effects in mice and it 
was stated that the ultimate value of streptothricin as a chemotherapeutic 
agent for the systemic treatment of bacterial infections in man would largely 
depend upon the toxicity of the purified product. To date, the pharmacological 
properties of streptothricin have not been described in the literature. Certain 
phases of this problem are considered in this communication and show that 
in its present form, streptothricin appears to be too toxic for systemic use in 
man. 

Materials. The source and care of the animals used in this study have been described 
in a previous report (4) and therefore will not be considered hero. 

The streptothricin* used was obtained from two different types of broth and varied in 
potency from 50,000 to 500,000 units per gram. The first preparation, which for convenience 
henceforth shall be called streptothricin IF, was isolated from a tryptone broth described by 
Waksman and Woodruff in 1942 (5). The second preparation, which will be designated as 
streptothricin F, was obtained by growing the same organism in a corn steep liquor medium 
developed by Foster and Woodruff in 1943 (6). All preparations of streptothricin were 
readily soluble in water. Aqueous solutions of the drug were acidic, but could be readily 
neutralized by the addition of small amounts of sodium hydroxide. 

Methods. Toxicity tests were performed in a variety of animal species by giving the 
drug parentcrally and by mouth. Since a number of deaths occurred 5 to 8 days after a 
single dose of streptothricin was given, observations were extended over a 10 to 20 day 
period. In the chronic toxicity studies in mice, rats and dogs, the food and water consump- 
tion, as well as the weight and general appearance of the animals were recorded. In the 
pharmacological studies, the blood pressure was measured by means of a mercury manom- 
eter connected to the carotid artery, and volume changes in the intestine, liver, and hind 
leg were recorded by means of a plethysmograph. Respiration was recorded by means of a 
Tambour connected directly to a Y-tube inserted into the trachea, and the heart rate by the 
method of Kniazuk (7). The drug was injected directly into the femoral or jugular vein, 
as indicated in individual experiments. Studies on the isolated car were performed accord- 
ing to the method of Rischbieter (8). The influence of these drugs on the isolated rabbit 
intestine and uterus was determined by suspending an intestinal or uterine strip in a 100 
cc. bath of oxygenated Rocke's solution at constant temperature, and adding the test drug 
to this bat h. Water diuresis was measured as described in a previous communication (9). 

In the biochemical studies, the following methods were used: the micro-Kjcldahl pro- 

‘The streptothricin employed in these studies was obtained from the chemists of the 
Research Laboratories of Merck & Co., Inc., from cultures grown by Dr. 3. W. Foster. 
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delayed toxic signs were identical with those produced by the streptothricin 
prior to its passage through the animal body. 

Although the foregoing results strongly suggest that the toxicity of strepto- 
thricin is closely related to the active fraction, a final statement in this matter 
cannot be made until pure streptothricin is available for study. 

Chronic toxicity. Mice and rats. Mice and rats injected subcutaneously 
with doses of streptothricin TT ranging from 625 to 5000 units per kgm. daily 
over a period of one month tolerated the drug. Larger doses of 10,000 and 
20,000 units per kgm. were lethal. 

The toxic signs observed following the repeated injection, of streptothricin IT 
included a marked fall in body temperature and a loss of muscle tone and body 
weight. The loss of body weight appeared to be in part the result of a decreased 
intake of both food and water. Examination of the mine and urinary volume 
showed that rats receiving lethal doses developed gross hematuria, followed by 
oliguria and eventually anuria 24 to 48 hours before death. As expected, the 
N.P.N. of the blood was elevated considerably above normal and suggested 
that death was due to renal insufficiency. In addition, lethal doses of strepto- 
thricin given subcutaneously to rats increased the plasma fibrinogen level 
from 250-300 mg. % to 900-1200 mg. % indicating rather extensive tissue 
damage. Measurements of the serum specific gravity showed that the animals 
also became dehydrated before death, possibly the result of the decreased water 
intake. As will be described in detail in a later section of this report, the anuria 
resulting from the injection of streptothricin was not due solely to the decreased 
water intake, for a similar condition occurred even when large amounts of forced 
fluids were given. 

A number of mice surviving longer than one month developed alopecia and 
showed signs of tremors and polyneuritis. Bacteriological examination of the 
intestinal flora of mice fed streptothricin revealed a marked decrease in the 
number of lactose-fermenting bacteria of the coli-form group, similar to that 
observed following the administration of certain sulfonamides (16). These 
findings suggested that streptothricin might have induced a vitamin deficiency 
through a modification of the intestinal flora. However, the foregoing defi- 
. ciency signs were not alleviated by the injection of massive doses of thiamine, 
riboflavin, pyridoxine, pantothenic acid, biotin or vitamin Ki. 

Dogs. Tlie findings in dogs were in many respects similar to those recorded 
for other animal species (table 3). Death resulting from the repeated injection 
of lethal doses of slreptolhricin W appeared to be due to renal insufficiency. 
Animals injected daily over a seven day period with doses of 625 to 2,500 units 
per kgm. tolerated the drug during this time without showing marked toxic 
effects. However, the dogs on the dose level above 2,500 units per kgm. became 
depressed, showed signs of oliguria and died in coma 4 to 5 days after the final 
injection of the drug. Larger doses produced death more rapidly. Prior to 
death, the N.P.N. and blood urea values were elevated considerably above the 
normal value. In addition, the specific gravity of the serum was increased,, 
indicating dehydration and hemoconcentration. The latter factor complicated 
the results of the hematological studies in these animals, in that the observed 
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In certain respects, the toxic signs initiated by slreptothricin F were similar 
to those just described for slreptothricin W. However, the blush reaction in 
dogs was much more pronounced, and the majority of deaths occurred within 
the first few hours after drug administration. Death appeared to be the result 
of circulatory collapse and respiratory failure. 

Preliminary data suggest that upon further purification the factor or factors 
associated with the immediate toxic effects caused by streptothricin F could be 
removed and when this was done, the preparation produced delayed toxic 
reactions, very similar to, or identical with, those caused by slreptothricin TF. 

Relationship of activity to acute toxicity. With slreptothricin W, tins phase of 
the investigation was studied using a number of preparations varying in potency 
from 50 to 500 units per mgm. of solid. The results show that 125,000 units 
per kgm. of all preparations were lethal for 60 to 100% of the mice (table 2). 
Since as much as 2,500 mgm. per kgm. was necessary to produce death in the 

TABLE 2 


Subcutaneous toxicity of various streptothricin preparations 
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* Streptothricin given orally and subcutaneously to dogs and the active principle iso- 
lated from the urine. The toxicity of both preparations was then determined by 
subcutanoous injection in mice. 


case of the low potency material and as little as 250 mgm. per kgm. had the 
same effect when a more purified preparation was used, the toxicity of strepto- 
thricin appears to be associated with the active principle rather than with the 
inactive constituents. Moreover, the nature of the delayed toxic signs produced 
by the low potency material was similar to those caused by the purer samples. 

Further evidence indicating that the toxicity of streptothricin might be 
associated with the active fraction was obtained by determining the toxicity 
of streptothricin after the preparation was inactivated by chemical methods. 
When this was done, both the toxicity and the activity were removed so that 
a dose of 1,250 mgm. per kgm. equivalent to 250,000 units per kgm. before 
inactivation, produced no outward signs of toxicity. 

It was of interest to note that the toxicity of streptothricin isolated from the 
urine of dogs following oral and parenteral administration of the drug was of 
the same order as that of unmetabolized streptothricin. 3 Both the acute and 

» This material was isolated by Dr. "David M. Tennent of the Merck Institute for Thera- 
peutic Research; the details of which will be reported elsewhere. 
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Pharmacology. The pharmacodynamic action demonstrated by strepto- 
thricin F and IP appeared to be due to the presence of two toxic factors. The 
first, which was found in relatively large amounts in streptothricin F and to 
some extent in streptothricin W, caused marked acute changes in the cardiovas- 
cular and respirator}' system of rats, rabbits, cats and dogs and in this respect 
appeared to be similar to histamine or certain albumoses (15). The second 
toxic factor appeared to be related to the active principle and induced certain 
pathological changes in the kidneys which led to renal insufficiency and death 
a number of days after the drug was excreted from the body. Death following 
the injection of sirepiothricin IF appeared to be due primarily to the nephrotoxic 
factor. 

Effects on ihe cardiovascular system. The effects upon this system seen after 
the intravenous injection of either streptothricin preparation were similar to 
those observed following the injection of histamine or a similar base. While 
the results varied somewhat from animal to animal, the intensity of the effects 
produced with each preparation appeared to be proportional to the dose and 
the speed of the injection. In most rats and cats, a dose of 200 units per kgm. 
of streptothricin F, and 50,000 per kgm. of streptothricin IF, caused a precipitous 
fall of blood pressure which was accompanied by, or in some cases followed by, 
a significant slowing of the heart rate. This bradycardia and the low blood 
pressure gradually returned to normal over a period of 10 minutes (figure 1). 
In rabbits, the findings were somewhat erratic and varied from animal to animal. 
In some cases the blood pressure increased, in some it decreased, while in other 
rabbits there was no effect at all. Histamine showed the same effect in this 
series of rabbits and suggested that these preparations might contain histamine. 

Plethysmographic studies performed to measure the changes in the volume 
of the leg, kidney and intestine showed that the fall in blood pressure caused by 
these drugs was due largely to a vasodilation of the peripheral vascular system. 
On the other hand, the vessels of the kidney were constricted. These effects 
were transitory and the vascular system returned to normal within 10 to 15 
minutes. 

The results of these studies suggested the possibility that the acute pharmaco- 
logical effects of streptothricin F and IF might be due to the presence of histamine 
since it is well known that this substance is produced by microorganisms. The 
fact that none of the acute effects caused by streptothricin were blocked by the 
injection of atropine or vagotomy gives further support to this view. Central 
stimulation with caffeine or metrazole was found to overcome the foregoing 
depressing effects of streptothricin F and IF. 

In order to determine whether the foregoing effects were due to the presence 
of histamine, an attempt was made to destroy the blood pressure depressing 
factor by histaminase, an enzyme known to readily inactivate histamine. 
Streptothricin and excessive amounts of histaminase were mixed in vitro at 
3/°C’. for IS and 48 hours before animal inoculation. Control experiments 
showed that un er these conditions this preparation of histaminase inactivated 
histamine and that the quantity added to streptothricin would have been 
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increase in red blood cells as well as the hemoglobin concentration was possibly 
a result of hemoconcentration. 

Monkeys. Two monkeys injected intramuscularly three times each day 
over a five day period with total daily doses of 20,000 units per kgm. of slrepto- 
ihricin TF died 7 to 9 days after the last dose was given. The toxic signs were 
similar to those observed in other animal species. Two monkeys fed daily 


TABLE 3 
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doses of 10,000 units per kgm. over a period of two months showed no outward 
signs of toxicity. 

Guinea pigs. The experiments with tills species, although somewhat limited, 
showed that guinea pigs tolerated daily' doses of 1000 units per kgm. of streplo- 
thricin IF subcutaneously over a period of one month without signs of toxicity. 
Doses of 5000 units per kgm. were lethal. 
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spiratory failure (figure 1). men the drug was injected rapidly the depressing 
effect upon the respiration was markedly enhanced. The bradycardia and 
fall in blood pressure described in the foregoing section accompanied the de- 
creased respiratory rate and depth. However, the respiratory effect was fre- 
quently produced without alterations in the cardiovascular system and therefore 
does not appear to be a secondary effect caused by changes in the circulatory 
system. Similar effects were produced by streptothricin W when ten to twenty 
times the therapeutic dose was injected. 

Kidney function. The influence of streptothricin F and W upon kidney 
function was studied in rats by means of normal and water diuresis experiments 



TIME IN HOURS 

Fiq. 2. Acute Effect of Streptothricin upon the Water Diuresis of Rats 
The effect of a single subcutaneous dose of streptothricin (potency 300 units per mgni.) 
on the excretion of water over a seven hour period. 

and by measuring the blood urea and $LP.N. of the animals before and after 
drug administration. 

Diuresis experiments. The results of the normal and water diuresis experi- 
ments are presented in figures 2, 3 and 4 and show that single large doses (80,000 
units per kgm.) or multiple small daily doses of 10,000 units per kgm. suppressed 
and eventually completely inhibited the excretion of urine. These effects 
occurred with both streptothricin preparations and appeared to be a function 
of the amount of the drug administered. It will be noted that the effects of 
streptothricin upon the water diuresis appears to be two-fold. The first effect 
resulting from the subcutaneous administration of single large doses (80,000 
units per kgm.) was a transitory suppression of the urinary output which sub- 
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sufficient to inactivate all the histamine that might have been present. The 
results show that in spite of the 18 hour treatment the pharmacodynamic prop- 
erties of streptothricin remained unchanged. However, when the mixture was 
incubated over the 48 hour period some of the histamine-like action of strepto- 
thricin was lost. These findings suggest that histamine is not the factor causing 
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Fig. 1. Influence of Streftothricin on the Heart Rate, Blood Pressure and 
Respiration of Rabbits 

the foregoing pharmacological effects although the substance may be closely 
related to histamine. 

Respiratory system. The effect of streptothricin upon the respiratory system 
appeared to be a function of the dose and the rate of the injection. Thus the 
intravenous injection of therapeutic doses of streptothricin F was followed by 
an increase in both the rate and depth of respiration. Larger doses caused a 
decrease in both the respirator}' rate and depth, and in some cases caused re- 
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anuria always occurred 24 to 48 hours before death (figures 3 and 4). The 
anuria could not be prevented or overcome by the prophylactic administration 
of various diuretics including urea and theophylline. Likewise, daily doses of 
desoxycorticosterone had no apparent influence on the condition. This hormone 
was tried in view of the nature of the toxic signs produced by streplothridn TP 
whieh in certain respects presented a picture similar to that resulting from 
adrenal cortical deficiency. 


1KFLUENCE OF REPEATED OOSES OF STREPTUTHRICIN UFOH THE WATER 
DIURESIS OF RATS 



TIME IH HOURS 

Fig. 4. Influence of Repeated Doses of Stbeptothricin upon the Water Diuresis 

of Rats 

Rats treated subcutaneously with streptothricin (potency 300 units per mgtn ). Treat- 
ment began on 7-6-44 and was given daily until 7-17-44 (5 rats per group). 

The biochemical findings in this series of rats were similar to those described 
for other animal species earlier in this communication. Blood urea and N.P.N. 
values increased rapidly following the suppression of the urinary output and 
reached a peak just before death. 

Local application of slreptothricin. Rabbit eye. Neutral aqueous solutions 
of streplothricin F or TF, containing 200 units per cc. or more, applied to the eye 
over a period of 30 minutes produced inflammation. The degree and course 
of the reaction was a function of the drug concentration and the duration of 
contact with the eye. In general, the reaction was characterized by a delayed 
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sided within 7 to 8 hours after drug administration. This suppression was 
most likely the result of the vasoconstriction observed in the renal vessels 
following the injection of slreptothricin F or W. The second effect, which oc- 
curred 2-3 days after a single injection of 80,000 units per kgm. of the drug was 



Tim m *dvii» 

Fia. 3. Derated Effect of Streptothricij.- on Water Diureses of Rats 
landings show the gradual development of renal insufficiency following the injection of a 
single large dose of strcptothricin (potency 300 units per mgm.) injected subcutaneously on 
6-20-14 and the water diuresis measured daily thereafter until 6-30-44. 


characterized by the eventual complete suppression of both the normal and 
the water diuresis. Similar results were obtained following the subcutaneous 
injection of doses of 10,000 to 40,000 units per kgm. given daily over a 3 to 30 
day period depending on the dose administered. It will be observed that 
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intervals. Thus, dogs injected intramuscularly with daily doses of 15,000 units 
per kgm. given in the form of divided doses every 3 hours, showed blood concen- 
trations between 2-5 units per cc. Examination of the bile showed that approxi- 
mately 10% of the streptothricin could be accounted for by excretion into the 
duodenum. When the drug was administered orally, much of it could be 
found in the stools and low blood concentrations were obtained. 

XsotaAe A- Tt-oo^ MeocrV 



Fig. 5. Influence of Streftotiiricin (Potency 200 Units Per mom.) on the Isolated 

Frog Heart 

Streptothricin removed from cannula and replaced with Ringers solution after 20 seconds. 


Discussion. From the foregoing data it is apparent that in its present form 
form streptothricin produces a number of toxic side effects following oral 
and parenteral administration to animals. The nature of these toxic signs 
would seem to preclude its use for the treatment of systemic infections in man. 

The toxic signs manifested by animals injected with streptothricin were 
characterized by acute cardiovascular disturbances which were similar in many 
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onset of congestion and edema, followed 24 to 48 hours later by suppuration. 
This reaction was still evident one to two weeks after applying the drug to the 
eye ; the palprebral fissure being sealed shut with a mucoid mass of pus. Examin- 
ation of the cornea following the application of fiourescein revealed marked 
destruction of the cornea. 

Inlradermal injection in guinea pigs. Here again neutral solutions of slrcpio- 
thricin F or IF were found to produce irritation when concentrations of 500 
units per cc. were injected into the shaved abdomen of guinea pigs. Greater 
concentrations led to severe local irritation which progressed to scar formation. 

Body temperature. Therapeutic doses of strcptothricin F or W had no influence 
on the body temperature of mice, rats, rabbits or dogs when administered by 
intravenous injection. Larger doses (10,000 units per kgm.) of certain batches 
caused a typical thermal response in rabbits and dogs indicating the presence 
of p)TOgens. Lethal doses produced a fall in body temperature by several 
degrees. 

Liver function. Liver function tests performed in dogs by the bromsulfalein 
method of Rosenthal (17) showed that large doses of streptothricin had no 
apparent effect on the liver even in animals approaching death providing that 
the normal functioning of the cardiovascular system was maintained. Direct 
and indirect van den Bergh tests were normal indicating the normal excretion 
of bile pigments. 

Effects on isolated organs. Intestine. Both forms of streptothricin caused a 
marked relaxation of the smooth tnuscle fibers of the rabbit intestine. Moreover, 
streptothricin F and IF were capable of promptly counteracting the spasm pro- 
duced by barium chloride. When the intestinal strip was washed with Locke's 
solution, normal peristalsis was resumed. These findings are opposite to those 
produced by histamine. 

Isolated frog heart. Streptothricin IF, in concentrations of 200 units per cc. 
of Ringer’s solution caused the heart to stop in diastole. This effect was not 
overcome by increasing the hydrogen ion concentration and calcium of the 
Ringer’s solution. Lower concentrations also reduced the amplitude of the 
heart beat although eventually the heart recovered (figure 5). 

Isolated rabbit car. The instillation of small amounts of streptothricin F 
(500 units) into the vascular system of the isolated rabbit ear generally caused 
a significant relaxation of the blood vessels. This effect, however, was readily 
overcome by the injection of dilute solutions of adrenalin (1:50,000), occasion- 
ally, however, constriction of the vessels was obtained. These findings are in 
agreement with the results in situ in which it was found that streptothricin F 
generally caused a marked dilation of the peripheral vascular system with 
occasional variable results in rabbits. 

Absorption and excretion. The findings presented in figures 6 and 7 show 
that streptothricin IF and F are rapidly absorbed and excreted by the animal 
body. Most of the drug could be accounted for in the urine within 5 to 6 hours 
after drug administration. However, therapeutically effective blood concen- 
trations of the drug can be maintained by repeated administration at frequent 
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respects to those caused by histamine or by low molecular weight peptones and 
albumoses (16). However, it was demonstrated that histamine was not pre- 
sent in streptothricin preparations as evidenced by the resistance of the depressor 
substance to histaminase. 

It is of interest to note that the streptothricin F obtained from the medium 
designed by Foster (6) contained much greater amounts of this depressor sub- 
stance than that obtained from the medium of Waksman (5). Since there 
was no relationship between the active bacteriostatic principle and the depressor 
substance, the latter appears to be a separate metabolic product liberated by 
Actinomyces levenulae. It would seem therefore that the two substances might 
be separated by appropriate chemical means thus eliminating one of the toxic 
products of streptothricin. 

More serious than the foregoing toxic effects were those manifested by animals 
five to twelve days after the injection of lethal doses of streptothricin. Death 
in these cases appeared to be due to renal insufficiency as evidenced b 3 r the 
complete suppression of urine excretion 24 to 48 hours before death. According 
to Mushett and Martland (18), dogs, monkeys and rats injected with lethal 
doses of streptothricin showed degenerative changes in the kidneys which 
varied from cloudy swelling and fatty degeneration to extensive tubular necrosis. 
Changes in the glomeruli were relatively infrequent. It would appear therefore 
that streptothricin in its course of being excreted by the kidneys induces certain 
toxic effects which eventually lead to the foregoing pathological changes and 
renal insufficiency. Concurrent with these renal changes, one observes a rise 
in the N.P.N. and blood urea concentration thus affording further evidence of 
renal impairment. It is of interest to note that the onset of these reactions is 
delaj’ed much in the same manner as are the local irritating effects caused by 
applying streptothricin to the rabbit eye. Since streptothricin has been shown 
to be excreted from the animal body within the first three to five hours after 
parenteral administration, the toxic effects would appear to be induced during 
this time. These first effects apparently do not impair renal function as evi- 
denced by blood chemistry, diuresis experiments and the normal behavior of 
the animal. However, during the course of the following five to twelve days 
renal function gradually becomes more impaired and ceases just before death. 
Studies to date indicate that this toxic factor may be associated with the active 
bacteriostatic principle since impure (50 units per mgm.) and relatively pure 
(500 units per mgm.) samples caused the same toxic signs. However, it is also 
possible that the present chemical methods employed for purifying strepto- 
thricin are not adequate for separating the nephrotoxic factor from the bacterio- 
static principle. Therefore a final statement in this matter can not be made 
until the pure drug is available for study. 

CONCLUSIONS 

_ Crude streptothricin was found to be relatively toxic for mice, rats, guinea 
pigs, rabbits, dogs and monkeys. Doses approximately 5-10 times the thera- 
peutic dose were lethal. 
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For many years the process of sulfurizing has been the principal commercial 
method of preserving dried fruits and for an equal number of years the question 
of the harmful potentialities of sulfites in food products has lacked a definite 
answer based on scientific experimentation and observation. The work of Wiley 
(1) on human volunteers, which was performed toward the beginning of the 
present century, indicated but produced no conclusive evidence that metabolic 
disturbances resulted from the addition of salts of sulfurous acid to foods. The 
older experiments of Kionka (2) and of Lehman (3) showed that large, although 
unspecified amounts of sulfites, added to meat diets of dogs produced diarrhea 
and kidney damage. Rost and Franz (4) failed to confirm the results of Kionka. 
They gave 40 dogs, both growing and mature, oral doses of different sulfites 
varying from 0.05 to 1 gram per day for periods of from 1 month to over a year 
without visible macroscopic or microscopic tissue changes. Larger doses 
caused vomiting; however, no other symptoms appeared. In humans they 
found that doses of 1 gram of sodium sulfite per day decreased the utilization of 
protein and fat. Gastrointestinal symptoms seldom occurred at this dose, but 
with doses of from 4 to 5.8 grams per day there occurred abdominal pains and 
vomiting. 

Later experiments of Morgan and her associates (5, 6) showed the ability of 
sulfites to destroy thiamine. This fact has been of such importance that in any 
calculation of the daily allowance of this vitamin the theoretical amount in 
dried fruits has had to be totally disregarded. Recently', in order to supply the 
special food requirements of troops fighting in very' hot climates, it was necessary 
to sulfurize fruits to an extent where any toxic hazard inherent in the process, in 
addition to the destruction of thiamine, became an important problem. The 
experimental work reported below was conducted for the purpose of evaluating 
the toxicity of various levels of sulfites when added to the diet. Since sulfites 
may' be converted to sulfides and sulfates these were included in our studies as 
well as diets containing sulfite but low in thiamine and diets with sulfites and 
added thiamine. 

Experimental. Rats from our colony of Osborne-Mendel strain have been used in 3 
experiments on the chronic toxicity of sulfites. The ration used in each experiment was 
composed of corn starch 60%, casein 18%, corn oil 6%, brewer’s yeast 5%, whole liver 
powder 5%, salt mixture (U-S.P. Nil No. 2) 4%, and cod liver oil 2%. All diets were 
refrigerated until used. The rats were kept in individual cages in a room with the temper- 
ature and humidity controlled. 

The first experiment hereinafter referred to as the 1940 experiment was designed to 
study the effect of thiamine on the toxicity of sulfites. The supply of thiamine for the 
rats was cither increased above or decreased below that found in the regular diet. The 
increase m available thiamine was by intramuscular injection of 100 micrograms twice 
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2. The pharmacodynamic action of streptothricin appeared to be due to the 
presence of two toxic factors. The first caused marked acute changes in the 
cardiovascular and respiratory system of rats, rabbits, cats and dogs and in 
this respect appeared to be similar to histamine. This active principle, however, 
does not appear to be histamine. The second toxic factor appeared to be related 
to the active principle and induced certain pathological changes in the kidney 
which led to renal insufficiency and death a number of days after the drug was 
excreted from the body'. 

3. Aqueous solutions of streptothricin containing 200 units per cc. or more 
caused marked inflammation when applied to the rabbit eye over a 30 minute 
interval. This concentration is far above the bactericidal concentration. 

4. Streptothricin is absorbed and excreted rapidly' following parenteral 
administration to mice, rats, rabbits, dogs and monkeys. 
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Such comparisons are made in this study. For the 52-week period, the design 
of the experiment was upset by the death of a large number of animals and con- 
clusions are based only on those rats that survived. Since no deleterious effects 
on growth were caused by the sulfates or sulfides, analysis will be shown on the 
sulfites only. 

The comparisons are presented graphically. Figure 1 shows the average 
weights over 12 weeks according to diet, as labeled; males and females are given 
separately since they have decidedly different averages and standard deviations, 
limits are shown bracketing the average weights. The limits are to be used in 
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Fig. 1. Average Weights of Rats over the Period of tbe First 12 Weeks on Diets 
Containing Various Amounts of Sulfites— 3 Experiments 


comparing the average weight for each experimental diet with the average 
weight for the control group, and show the size of difference from the control that 
would be statistically significant (p = 0.05) in this experiment. Where the 
numbers of experimental and control animals are the same, as is the case of most 
of the 12 week data, the brackets can also be used for judging the significance 
of the difference between two test diets. The limits are calculated using the 
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weekly. The available thiamine was decreased by autoclaving the yeast before addingit 
to the diet. The sulfite was added as sodium bisulfite and the sulfite values referred to 
throughout are to this salt (NaHSO,) and not to sulfur dioxide. In this experiment 3 
levels were used: 0.5%, 1% and 2%, in 3 different types of diets. The first diet had sulfite 
added, the second contained sulfite and was supplemented with thiamine, and the third 
contained sulfite but had its thiamine content reduced by autoclaving the yeast component. 
A fourth untreated diet was used as a control thus making a total of 10 diets. The ex- 
periment utilized a balanced incomplete block design where each of 3 diets was fed to each 
of 3 rats from the same litter. The design was replicated for male and female rats. Thus 
3 male and 3 female rats were taken from each of 30 litters at 3 weeks of age and placed at 
random on the proper diet according to the design. 

Almost a year later when it appeared that aging of the diets containing sulfites was 
having some effect, a second experiment hereinafter referred to as the 1941 experiment was 
begun to compare the effects of the various levels of sulfite in diets prepared weekly with 
the effects of the same levels in diets prepared in sufficient quantities to last five or six 
weeks and stored under refrigeration. These diets, designated "old” and "new”, were 
used for the controls arid the 1% and 2% sulfite levels. Two lower levels of Bulfite, namely 
0.1% and 0.25%, were also included on the “old” diet basis. Since sulfite is sometimes 
oxidized to a sulfate, two levels of sodium sulfate (0.25% and 1%) were included in this 
experiment. Thus again, 10 diets were used in the same type of balanced incomplete block 
design as utilized in the 1940 experiment. 

A third experiment hereinafter referred to as the 1943 experiment was begun in which 
lower levels of sulfite were included (0.0125%, 0.025%, 0.05% and 2%) . Since diarrhea with 
black feces resulted from feeding sulfites at the high levels it was considered possible that 
a sulfide might be contributing to the toxicity of the sulfite; therefore, two levels of sodium 
sulfide (0.25% and 1%) were fed. Seven diet3 including the control were used in this ex- 
periment. The proper replicated balanced incomplete block design utilized 28 litters with 
3 males and 3 females from each litter and resulted in 12 males and 12 females on each diet . 

Results. The effect on growth. Usually comparisons of effects of various 
diets on growth over a period of time are made by comparing the gains in weight. 
However, this results in a loss of much information on the growth curve of the 
rat ns given by the weekly weighings. In the following analyses an increase in 
information on the growth effects has been obtained by including both the gain 
in weight and the average weight for the individual animal over the period of 
study. Since the rats from each litter on this experiment are assigned to the 
diets at random and since the initial weights are within rather small limits, no 
correction for initial weight is necessary. 

Analysis of the growth curves for this study was divided into 2 parts: (1) the 
first 12 weeks and (2) the first year. For the first 12 weeks, mathematical 
curves were initially fitted to the weekly weights of each rat. These curves were 
of such a type (orthogonal polynomials) that the several coefficients for one 
curve were independent of each other (7). The first coefficient is the average 
weight of the rut over the period; the second coefficient is proportional to 
the average gain in weight; the third coefficient is proportional to the 
average change in gain in weight, etc. In this stud}’, the first two coefficients 
were the only ones that showed consistent trends with increased doses of sulfites. 
This, therefore, is equivalent to analyzing the effects of the various levels of sul- 
fites in the diet by comparing average weights, and by comparing gains in weight. 
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in all instances for the 0.0125% of sulfite) this can be interpreted to mean that in 
tins experiment there is no significant difference between the average weights 
for the control and that level of sulfite. If the average for the control falls out- 
side the limits a statistically significant difference exists. 

The charting of results in this manner points out not only significant differences 
from the control for all diets simultaneously hut also any trends of average 
weight or gain in weight with increasing dosages of sulfite. Moreover, visual 
comparisons can be made of results for several experiments. 

Figures 1 to 4 show the following about the average weights and the average 
gains in weight of the rats on these three experiments: 

1. There is a very definite trend toward smaller average weights and smaller 
gains in weight with an increase of sulfite in the diet above 0.25% 

2. The rats on the diets containing 0.05% and 0.1% sulfite grew more rapidly 
and had greater gains in weights for the first 12 weeks than the rats on the control 
diet. The average "weights and gains in weight shown on figures 1 and 2 and 
the average weights shown on figure 3 are slightly higher for the animals on the 
above levels than the control for both male and female rats. Considering the 12 
week data first there are 8 comparisons (figures 1 and 2) between the control 
group and the experimental groups fed these two levels of sulfite and as can be 
seen from tbe figures all differences are in the same direction. These early gains 
were not maintained up to the end of the first year. Thus at 52 weeks the male 
rats on the 0.1% sulfite-containing diet had a gain in weight significantly 
smaller than the control as can be seen on figure 4. The female rats also had 
smaller gains in weight for the 52 week period though the difference is not 
significant. Rats on the 0.05% sulfite level had gains in weight which did not 
differ significantly from the controls at 52 weeks. 

3. The results on the series having supplemental injections of thiamine W’ere 
about the same as on those without the added thiamine. 

4. The rats on diets from which the greater part of the thiamine had been 
removed had the lowest series of average weights and gains in weight. However, 
there is also a downward trend with increased amounts of sulfite in this diet. 

5. For the 12 week period rats on the "new” diet had larger average weights 
and gains in weight than those on the “old” diet. Although these differences 
are not individually significant, they were all in the same direction. 

The effect on survival time. The increased amounts of sulfite in the diet affect 
not only the growth of the rats on these diets but also the survival time. Since 


number of animals in all tbe groups used to obtain tbe pooled variances o'.) The limit 
Si —Si for p — 0.05 used on figures 1,2,3, and 4 is found by transposing the above formula to 



and the value of t is obtained from a “t” table for p »» 0.05 and degrees of freedom equal to 

”*"• A< — 2. A* t tableisgiveninalmostanystatisticaltextorbookofstatisticaltablcs(8). 
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formula for the “t” test. 1 If the average for the controls falls within the limits 
designated on either side of the average for a particular level of sulfite, (as it does 

1 In application of the formula for the “t” tost, 

, s ' ~ 

" J± + * 

V A'« -v. 

f, and 2, are the average weights for A r . and X, animals on the control and experimental 
diet “i” respectively. Also v.'-andvdare equal and are the pooled variances (squares of the 
standard deviations) for all groups where there is no correlation between the average and 
the variance. (The square of the standard deviation is calculated for the average weights 
on each experimental and the control diets. These variances are then each multiplied by 
the number of animals .V in each group and sum of these products is divided by the total 
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the addition of sulfates and sulfides has no effect on the survival time of the 
animals, analyses are shown only on the sulfites. Figure 5 shows the diets in' 
the same order as in figures 1 to 4, with the results for male and female rats 
shown separately. In figure 5 each symbol represents one rat and the averages 
of results on each diet are indicated by horizontal lines. No significant limits 
are indicated since the rats that did survive were killed at the end of that experi- 



Fic. 5. Survival Time fob Rats on Diets Containing Various Amounts of Sulfites 

—3 Experiments 

ment as shown by the bunching of symbols at the top of the 1940 and the 1943 
parts of the figure and since the distribution of survival times followed none of 
the commonly recognized types. Each of the 3 experiments was continued for a 
different length of time, the 1940 experiment for one year, the 1941 experiment 
for one and one-half years, and the 1943 experiment for 2 years. However, the 
trends shown are very similar to those shown in figures 1 to 4. In all cases the 
rats on a diet containing 2% of sulfite had a short average survival time. In 
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1941 even the 0.25% sulfite in the diet seems to have shortened the lives of the 
female rats and the 0.1% sulfite in the diet also produced an average survival 
time less than the control No trends are evident for survival times of rats on 
diets containing less than 0.1% sulfite. The results on diets supplemented by 
thiamine seem to be about the same as those not supplemented, whereas the 
reduction of the thiamine in the diet resulted in a sharply decreased average 
survival time. 

Pathology. Of the 504 rats started on these experiments, 70 were not sent to 
the pathology laboratory for one reason or another. Of the remaining 434, 258 
were sectioned microscopically. Sections were made routinely of lung, heart, 
liver, spleen, pancreas, stomach, small intestine, kidney, adrenal and testis, with 
other structures such as ovary, uterus, colon, brain, thyroid, bone, bone marrow 
and leg muscles being sectioned less frequently. In addition, certain other 
animals had confirmatory sections made of spontaneous tumors and other 
noticeable conditions, but these are not considered as sectioned animals. 

Rats fed high doses of sulfite in the diet frequently showed stunting of growth, 
clinical polyneuritis, “spectacle” eyes, bleached incisor teeth, brown uteri, 
atrophy of various viscera, calcified renal tubular casts, and atrophy of bone 
marrow and bones; less frequently they showed focal myocardial necrosis and 
fibrosis, and gastric squamous epithelial hyperplasia (table 1). With a decrease 
in the percentage of sulfite from 2% to 0.5% or even to 0.25% there was not a 
great deal of change in the lesions observed; the animals simply lived longer and 
finally attained about the same condition that those on higher dosage levels did 
in a shorter period. This is, however, a broad general statement and will not be 
axact for each individual lesion. The level of sulfite in the diet which would 
begin to cause histological changes in rats would appear to lie at approximately 
'0.1% on the basis of these studies. 

Aging of the diet had a definite effect on incidence of lesions of the teeth and 
uteri, while it had no effect on the polyneuritis; this indicates a sharp separation 
in etiology. 

The following remarks are intended to help clarify the nature and degree of 
involvement of some of the lesions listed in table 1. Hyperplasia of the gastric 
squamous epithelium (usually near its junction with the glandular portion of the 
stomach) somewhat paralleled the browning of the uteri, although not closely. 
The lesion was slight or moderate in degree in all instances. “Myocardial fi- 
brosis” included focal lesions in all stages from recent necrosis to replacement by 
fibrous tissue. The left ventricle was chiefly affected, the right ventricle less so, 
and the atria scarcely at all. The lesion was slight or moderate in degree in all 
instances. Fatty degeneration of the liver was very slight or slight in nil in- 
stances except a few of moderate degree. It will be noted that the condition was 
more frequent in the control, sulfate, sulfide, and low dose sulfite rats than in rats 
receiving high doses of sulfite. There was no apparent relation between thiamine 
and this condition in the present material. Calcified renal tubular casts occurred 
chiefly around the corticomedullary junction. Very little tubular atrophy 
occurred as a result of the process. Brown pigment in the renal convoluted 
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diarrhea may have prevented the synthesis or absorption of the biotin in the 
intestinal tract. 

Chemical analyses of the diets showed that up to 75% of the sulfite disappeared 
when the diets were left open to the air at room temperature for a week. A part 
of this was accounted for by an increase in sulfate sulfur in the diet and the other 
part probably escaped as sulfur dioxide. Less than 20% was lost from diets 
refrigerated for as much as 6 weeks. Since the diets were exposed in the food 
cups to the air for varying lengths of time up to a week, these facts indicate that 
the animals obtained only part of the sulfite originally added to the diet. 

It is observed from the experiment with the added thiamine that a depletion 
of the antineuritic vitamin is not the only factor affecting growth rate. These 
rats had no polyneuritis; however, they showed a distinct growth retardation. 
A deficiency either of vitamin E or of biotin, or a combination of the two, may 
have produced this effect. "With the possible exception of a reduction in the 
amount of biotin made available to the animal as a result of feeding sulfite, our 
results support the finding of Kline (16) who stated that only thiamine of the 
vitamin B complex was destroyed during the process of treating dried yeast 
with a solution of sodium sulfite. 

Testicular atrophy, renal tubular calcified casts and gastric squamous epi- 
thelial hyperplasia had a complex etiology’ in this study, with inanition, vitamin 
deficiency and perhaps direct sulfite toxicity all being partially responsible for 
the conditions observed. Hair balls in the stomach were unusually frequent in 
these animals, even in the controls. They are rarely seen in control animals of 
other experiments and indicate some induced deficiency in all diets, as do the 
mild fatty degeneration of the liver and the testicular atrophy. The diarrhea 
observed in all rats on concentrations of sulfite at 0.1% or more was specific for 
the sulfite, and resulted possibly from an irritation of the gastrointestinal tract. 
It is difficult to draw a line of demarcation between the effects due to ingestion 
of the sulfite residues and those due to the consumption of a diet rendered de- 
ficient by the addition of sulfite. Contrary to our expectations neither sulfate 
nor the sulfide showed any’ laxative action. 

SUMMARY 

1. Sulfite in concentrations of 0.1% (615 p.p.m. as SO_>), or more, in the diet 
was toxic to rats. Amounts of sulfite less than 0.1% (615 p.p.m. as SO;) in the 
diet had no significant effect on growth. The rats on the 0.05% (30S p.p.m. as 
SO;) sulfite containing diet grew more rapidly and had greater gains in weight for 
the first 12 weeks; however, these gains were not maintained up to the end of 
the year. 

2. There was a definite trend toward smaller average weights and smaller 
gains in weight of the animals as the sulfite in the diet increased from 0.1% to 2%. 

3. Bats fed diets containing sulfite with the addition of thiamine given hypo- 
dermically showed growth curves very’ similar to those of rats on these same 
diets without the added thiamine. 
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tubules, most of which did not react for iron with acid ferroeyanide, was most 
frequently seen in the groups receiving added thiamine. The condition was 
always of slight or moderate degree. Testicular tubular atrophy' of itself showed 
no special features. Intertubular edema was seen almost entirely' in the first 
series and principally' in the sulfite and sulfite plus thiamine groups. On a dosage 
level of 2% the majority' of the testes in these two groups showed from slight 
to marked edema. 

Lung, adrenal, pancreas, small intestine, colon, ovary, and spleen showed no 
distinct differences between test and control animals attributable to the sulfite, 
the only changes being those of inanition. A few small ulcers in the proventri- 
culus were scattered among the various groups; in all except one of these stomachs 
hair balls were present. A few each of brain, sciatic nerve and thyroid were 
sectioned. These were negative except for one brain showing hemorrhages and 
one with foci of softening, in animals with polyneuritis. Tibia and femur, in- 
cluding the bone marrow and the surrounding leg muscles, were sectioned more 
frequently; the only changes observed here were those of inanition. 

The animals receiving sulfates and sulfides in their diets showed no distinct 
differences from the controls (table 1) as a result of the treatment. 

Discussion. The greater share of the deleterious effect of sulfites in the diet 
is probably due to the destruction of vitamins.* In studies on the chemistry of 
thiamine, Williams, Waterman, Keresztesy and Buehman (9) reported that 
sulfite split the molecule and destroyed the antineuritic properties of this vitamin. 
This observation would explain growth changes and much of the pathology' 
observed in the present experiment. The destruction of the thiamine in the diet 
caused the polyneuritis and most, if not all, of the focal myocardial necrosis and 
fibrosis. Since a lack of thiamine decreases the desire for food (10, 11), the 
inanition which produced the stunting of growth and atrophy of the individual 
organs and tissues can be considered to be a result of destruction of the vitamin 
by the sulfite. Depigmentation of the teeth, brown uteri and “spectacle” eyes 
have not been reported to be caused by' a thiamine deficiency'. Moore (12) 
stated that cither a vitamin E or vitamin A deficiency will cause dental depig- 
mentation in the rat. The fact that aging of the diets had no greater effect on 
growth indicates that the diets were not low in vitamin A. In this connection 
Morgan (5) reported that the process of sulfurizing dried fruits did not destroy 
vitamin A. Further studies are being made on the effects of sulfite on the teeth 
and the findings will be reported later. According to Mason (13) female rats 
with a vitamin E deficiency' of long duration have brown uteri and the intensity' 
of the color increases as the deficiency continues. Although the brown uteri in 
the present experiment were grossly' and microscopically' of the type generally 
considered typical of vitamin E deficiency, they did not have the intense color 
which we have observed in rats with definite vitamin E deficiency' (14). No 
other uncomplicated histopathological evidence of vitamin E deficiency was seen. 
“Spectacle” eyes in rats have been reported to occur in biotin deficiency' (15). 
Since the rats on the levels of sulfite which caused this symptom also had extreme 
diarrhea, cither the diarrhea or the condition in the intestines that produced the 
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Of the drugs called “stimulants of the central nervous system”, the only ones 
which have been studied in the peripheral nervous system, from the viewpoint 
of the chemical theory of the transmission of the nerve impulse, are strychnine, 
metrazol, and caffeine. Lanari and Luco (1939) state that strychnine produces 
a depression of neuro-hormonal transmission, both in skeletal muscle and in the 
superior cervical ganglion. Croxatto and Alonso (1940) and Salvestrini, Crox- 
atto and Alonso (1940) have shown that metrazol depresses the synapses of the 
superior cervical ganglion and the neuromuscular junctions. These authors 
call attention to the pharmacological similarity between strychnine and metra- 
zol as regards phenomena of neural conductivity. On the other hand a study 
made in this department (Huidobro and Amenabar, 1945) showed that caffeine 
enhances the transmission of the nerve impulse both in the superior cervical 
ganglion and in the neuromuscular junction. Strychnine and metrazol inhibit 
the passage of the nerve impulse by increasing the threshold of response to 
acetylcholine; on the contrary, caffeine facilitates the conduction of nerve 
impulses by its lowering effect on this threshold. 

We have thought it to be of interest to stud}’ the effect of picrotoxin and 
nikethamide on the neuromuscular junction since these two substances are also 
also central nervous system stimulants. Picrotoxin, moreover, is a strong 
convulsant, as are strychnine and metrazol. On the other hand, nikethamide, 
when given in toxic doses, has more of an analeptic action such as that of caffeine. 
(See Goodman and Gilman, (1941)). 

Methods. The animals used were cats anesthetized with sodium pentobarbital (Nem- 
butal, Abbott'- 0.033 Gm. dissolved in. 1 cc. of 25% urethane, per kilogram body weight, in- 
trapcritoneally). A tracheal cannula was inserted so that artificial respiration might be 
given it necessary. In the studies on nikethamide the quadriceps femoris and soleus were 
used interchangeably , whereas in the case of picrotoxin the quadriceps was used exclusively. 
Both muscles were stimulated indirectly, the respective nerves being isolated and divided 
orclamped proximally to the point of stimulation. Silver electrodes insulated with rubber 
were used. Condensers controlled by vacuum tubes were employed as the source of stimu- 
lating charges. The stimuli applied were in all instances maximal. Muscular contractions 
were registered mechanically on smoked drums. For this purpose the femur of tibia (de- 
pending on whether the quadriceps or soleus was used) was fixed with clamps and the distal 
tendon of the muscle, liaving been isolated and divided, was fastened to the short end of a 
lever which exerted traction on clastic bands. 

In some instances the muscle was stimulated directly. In sucli a case it was denervated 
4 to / days previously. Stimulation was obtained from a Harvard induction coil with 10 
volts in the primary circuit, the distance between the primary and secondary being deter- 
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4. The addition of sulfite to the diets produced deleterious effects over and 
above those produced by the removal of the main source of thiamine. 

5. Sulfite in concentrations of 0.25% (1538 p.p.m. as SO;), or more, decreased 
the average survival time. 

6. The lowest level of sulfite in the diet which produced histopathological 
changes was 0.1% (615 p.p.m. as SO;). 

7. The gross and microscopic pathological changes in the rats on 0.25% (1538 
p.p.m. as SO;) or more, of sulfite in the diet included stunting of growth, clinical 
polyneuritis, “spectacle” eyes, bleached incisor teeth, brown uteri, atrophy of 
various viscera, calcified renal tubular casts, atrophy of bone marrow and bone, 
and less frequently focal myocardial necrosis and fibrosis and gastric squamous 
epithelial hyperplasia. 

S. Aging of the sulfite-containing diets caused a decrease in growth rate 
during the first 12 weeks and an increase in the incidence of lesions of the teeth 
and uteri, while it had no significant effect on the incidence of polyneuritis. 

9. Sulfate and sulfide in the concentrations used in this experiment pro- 
duced no growth or histopathological changes. 
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With a higher frequency of stimulation, about 10 to 20 per second, nikethamide 
has a slight tendency toward the production of depression in muscular contrac- 
tions. Only from time to time is there seen any increase in muscular tension. 

If the muscle be stimulated with such high frequencies as 20 to 100 per second, 
the effect of nikethamide on the indirectly stimulated muscle is always one of 
decided depression. Recovery of the muscle tension to its original level is 
complete by the end of one or two minutes, or occasionally, a little longer (figs. 
1 and .2). Only rarely is there a failure of recovery. 



Fig. 1. Action of Picrotoxin and Nikethamide on Indirectly Stimulated Muscle 


A cat anesthetized with a strong dose of nembutal. Maximal stimulation of the quadri- 
ceps fcmoris muscle through the crural nerve with a frequency of 32 per second. Upper 
tracing: muscle. Upper line: first and last signal, onset and end of stimulation; a) intra- 
aortic injection of 0.1 mg. of picrotoxin; b) intra-aortic injection of 0.2 mg. of picrotoxin; 
c) intra-aortic injection of 0.35 mg. of picrotoxin; d) intra-aortic injection of 0.5 mg. of 
picrotoxin; e) intra-aortic injection of 50 mg. of nikethamide. Lower line: time in minutes. 

When a muscle is indirectly stimulated at different frequencies, the graph of 
muscular contraction shows a series of deflections which have been designated 
stages of neuromuscular transmission. Various stages have been described; 
namely, first, second, 3a, 3b, 3c, fourth and fifth. (For a description of this 
phenomenon and references, see Rosenbiueth and Cannon, 1940.) In our studies 
thus far described the nikethamide has been injected in the 3c stage or in the 
early part of the fourth, or in a state which was either 3c or fourth, but could not 
be definitely classified, as there is some confusion between the stages when one 
uses a fixed frequency of stimulation. We thought it of interest to observe the 
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mined so as to deliver maximal stimuli. Steel needles were used as electrodes, one being 
placed in the tendon and the other in the muscle belly. In other experiments the muscle 
was stimulated with acetylcholine. This drug was injected into the abdominal aorta after 
ligation of the contralateral iliac artery , the medial sacral artery , and the inferior mesenteric 
artery, in animals in which the muscles had been aspetically denervated eight to ten days 
previously. 

The drugs used were: Picrotoxin (Eimerand Amend) in 2% solution; nikethamide (Cora- 
mine, Ciba; the diethylamide of pyridine-3-carboxylic acid) in 25% solution; atropine 
sulfate (Merck) in 10% solution; acetylcholine (Roche) in various concentrations; prostig- 
mine (Roche);and curare (crude Brazilian product). All these drugs were administered by 
injection into the abdominal aorta under the conditions described above, except atropine, 
which was injected into the external jugular vein in a dosage of 1 mg. per kg. body weight, 
being used with each administration of acetj-lcholine. 

At the outset of each experiment involving picrotixin, one fourth to one third of the 
anesthetic dose of Nembutal was given as a supplementary to counteract the convulsant 
effect of the picrotoxin. In cases in which nikethamide reduced the anesthetic value of the 
barbiturate, such supplementary doses of Nembutal were also given. 

Results. I. The effect of picrotoxin on indirectly stimulated muscle. The 
action of picrotoxin was studied by its being injected into the abdominal aorta 
during indirect stimulation of the quadriceps femoris muscle. A 2% aqueous 
solution was used, the doses being between 0.2 and 1.0 mg. The frequency of 
stimuli varied between 100 per minute and 300 per second. 

The action of picrotoxin is dependent on the rate of stimulation. It has no 
effect at all at frequencies of 100-150 per minute. At higher frequencies, on up 
to 32 per second, the responses are few and doubtful, there being an occasional 
slight depression. At higher frequencies, from 32 to 300 per second, picrotoxin 
always causes a depression of the muscular contraction, but this depression is 
small and of short duration. Figure 1 represents the results obtained in a 
typical experiment. One can observe in this figure that the depression is 
increased with increasing doses of picrotoxin. 

II. Effect of nikethamide on muscular contraction. Nikethamide, differing from 
picrotoxin, has an intense action on muscular contraction. For greater clarity 
the discussion is subdivided. 

A. Indirect muscular stimulation. Maximum stimuli were used with fre- 
quencies between 4S per minute and 500 per second. Effects were studied on 
both the quadriceps and the soleus muscles. The doses of nikethamide ranged 
between 0.125 and 0.0005 gms., those most used being 0.05 to 0.075 gms. In 
many experiments the minimum effective dose was found to be 0.00G5 gm. 

The action of nikethamide depends upon the frequency of stimulation. In 
sixteen experiments, using a frequency of excitation up to between 5 and 10 
stimuli per second, there was an increase in the height of muscular contraction in 
twelve cases, a depression in two, and no response in two. The increase of 
muscular contraction is manifest in one of two ways; viz., either an augmenting 
of the contraction without effect on the base line of the graph, which is the more 
frequent observation, or, less commonly, the actual production of a supplement- 
ary contraction, noticeable in that the base line of the graph shows an ascent, 
(fig. 2). The latter type of reaction has been observed only occasionally and 
and only under these experimental conditions. 
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can be seen in fig- 3B, nikethamide can, in addition to depressing the amplitude 
of the first stage, depress even further the 3a stage and can exaggerate the phases 
of lack of transmission which are represented in stages 2 and 3b. 

B. Effect of nikethamide on the action of curare and prostigmine. In these cases 
a frequency of stimulation fluctuating between 70 and 120 excitations per minute 
was used. In none of the experiments was a dosage of curare sufficient to necess- 
itate artificial respiration. The doses of prostigmine were between 125 and 
200 microgvams; nevertheless, it was at times necessary to repeat the dose in 
order to prostigminize the animal fully. Nikethamide was injected during the 



Fig. 3. Depressant Action op Nikethamide ox the First Stages op 
Neuromuscular Contraction 


A. Cat anesthetized with Nembutal. Upper tracing: maximum stimulation of quadri- 
ceps through crural nerve with a frequency of 60 per second for 5 seconds and rest for 15 
seconds. Upper line : intra-aortic injection of 75 mg. of nikethamide. Lower line : time in 
minutes. 

B. Same animal as A. Upper tracing: maximum stimulation of soleus muscle through 
crural nerve with a frequency of 500 per second. Stimuli were of 15 seconds duration with 
rest periods of 15 seconds. When the muscle imd developed sufficient tension, 25 mg. of 
nikethamide were injected intra-aortically, (signal on upper line). Lower line: time every 
half minute. For further details, see text. 


prostigminization and curarization and it was noted that this drug invariably 
reinforced the action of both prostigmine and curare as shown in figs. 4 and 5. 

C. Effect of nikethamide on the response of muscle stimulated by the action of 
acetylcholine . As the results described in Section B arc contrary to the classical 
descriptions of the mode of action of curare and prostigmine (see Discussion) 
it was considered important to learn whether nikethamide was capable of in- 
creasing the sensitivity of a muscle in the presence of acetylcholine. It is known 
that a muscle is sensitized to the action of acetylcholine by preliminary dener- 
vation (Brown, Dale and Feldberg, 193G) and under these conditions a dose of 
only a >out t 1 r, the amount of acetylcholine as ordinarily required is capable 
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effect of nikethamide on other stages of muscular contraction. The procedure 
was as follows: If a muscle be stimulated at a frequency of 60 per second for 3 to 
5 seconds, there is obtained a contraction which represents exclusively the first 
stage. If these excitations be repeated at intervals of 15 to 30 seconds, a series 
of contractions of equal amplitude is obtained, each member of the series rep- 
resenting the first stage of neuromuscular transmission. The injection of 
nikethamide applied in the midst of one of these series of stimulations, as is 
shown in fig. 3A, produces an intense depression which can last for some time 
before the full reestablishing of the muscular contraction. If, on the other 
hand, the muscle is stimulated at a high frequency, for example 500 excitations 
per second, the first, second, 3a, 3b, 3c, and fourth stages appear. If these 



Fig. 2. Action of Nikethamide on the Contraction of Indirectly Stimulated Muscle 

A. Cat anesthetized with Nembutal. Upper tracing: maximum stimulation of quadri- 
ceps indirectly at a frequency of 5 per second. Upper line: first signal, intra-aortic injec- 
tion of 75 mg. of nikethamide; second signal, intra-aortic injection of 35 mg. of nikethamide. 
Lower line: time in minutes. 

B. Cat anesthetized with Nembutal. Upper tracing: maximum stimulation of quadri- 
ceps indirectly at a frequency of 5 per second. Upper line: at the signal, intra-aortic in- 
jection of 75 mg. of nikethamide. Lower line: time in minutes. 

C. Same animal os B. Upper tracing: maximum stimulation of quadriceps indirectly 
at a frequency of 350 per second. Upper line : first and last signal, onset and end of stimula- 
tion; middle signal, intra-aortic injection of 35 mg. of nikethamide. Lower line: time in 
minutes. 

stimuli arc of short duration, as 10 to 15 seconds, and if they are repeated every 
10 to 15 seconds, there can be obtained after a time a series of contractions of 
equal amplitude in which each of the stages can be well visualized. Neverthe- 
less, in other experiments these stages are summated and there appears a series 
of contractions which are quite difficult to interpret. If nikethamide is in- 
jected during these series of contractions two phenomena arc apparent. First, 
when the stages are not summated in the muscular contractions the nikethamide 
causes the succeeding muscular contractions to develop only a very slight tension, 
as is shown in fig. 3B. Later the contractions show complete recuperation. 
Second, when the stages appear summated in the contractions, the nikethamide 
not only produces a depression with subsequent recuperation, but causes the 
stages of neuromuscular transmission to appear quite clearly. Moreover, as 
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Pig. 6. Reinforcing Action of Nikethamide on Muscular Contraction 
Produced by Acetylcholine 

Cat anesthetized with Nembutal. 1 mg. of atropine per kg. body weight. Sciatic nerve 
sectioned aseptically 10 days previously. Upper tracing: soleus muscle. Upper line, twst 
signal, intra-aortic injection of 63 mg. of nikethamide; second signal, intra-aortic injection 
of 63 mg, of nikethamide. Middle line: each signal signifies the mtra-aortic injection of 
30 mictograms of acetylcholine dissolved in 0.30 cc. of distilled water. Lower line: time 
in minutes. 



Pig. 7, Aotion or Nikethamide on the Contraction of Directly Stimulated Muscle 

A. Cat anesthetized with Nembutal. Upper tracing: maximum contraction of soleus 
stimulated directly by means of a Harvard induction coil for 6 seconds every 25 seconds. 
Middle line: first signal, intra-aortic injection of 75 mg. of nikethamide; second signal, 
intra-aortic injection of 150 mg. of nikethamide. Lower line: time in minutes. 

B. Same animal as m A. Upper tracing: maximum contraction of soleus stimulated 
directly by means of a Harvard induction coil. Upper line: first and second signal, onset 
and end of stimulation. Middle line: at the signal, intra-aortic injection of 63 mg. of 
nikethamide. Lower line: time in minutes. 

stimuli applied for 5 seconds every 25 seconds, or, in some cases by tlic application 
of a tetanizing current persistently for a longer period. In the former instance, 
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of producing a good contraction. If a certain quantity of the drug is injected 
every 2 to 4 minutes, there is obtained after a time a series of contractions of 
uniform amplitude. In order to obtain such a result the soleus was denervated 
aseptieally 8 to 10 days prior to the experiment, and, after atropinization of the 
animal, 30 to SO micrograms of acetylcholine in a volume of distilled water no 
greater than 0.30 cc. was injected into the abdominal aorta. When a series of 
uniform contractions was obtained the nikethamide was injected. In six cases 
out of seven the drug produced an important increase in the amplitude of mus- 
cular contraction. (In the seventh animal a satisfactory uniformity of am- 
plitude of contraction was not obtained, so that it was not possible to observe 
distinctly the effect of the drug.) This reinforcement of the action of acetylcho- 
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Fig. 4. Reinforcing Action of Nikethamide on txie Effect of Curare 


Cat anesthetized with Nembutal. Upper tracing: maximum stimulation of quadriceps 
indirectly at a frequency of 100 per minute. Upper line: first signal (from left to right), 
intra-aortic injection of 50 mg. of nikethamide; second signal, intra-aortic injection of 
curare; third signal, intra-aortic injection of 50 mg. of nikethamide. Rower line: time in 
minutes. 

Fig. 5. Reinforcing Action of Nikethamide on the Effect of Pjtosno.ui.vs 
Same cat as fig. 4, theyffeet of curare having worn oft. Upper tracing: stimulation of 
quadriceps as in tig. 4. Upper line: first signal, (left to right), intra-aortic injection of 125 
mg. of prostigmine; second signal, intra-aortic injection of 200 mg. of prostigmine; third 
signal, intra-aortic injection of 50 mg. of nikethamide. Lower line: time in minutes. 


line can last for some time as can be seen in fig. G, and yet, during this reinforced 
response an additional dose of the nikethamide will cause an even further increase 
of amplitude (fig. 0). 

D. Effect of nikethamide on the response of directly stimulated muscle. If a 
muscle is stimulated directly not only are the muscle fibres stimulated but the 
nerve fibres are affected as well. Therefore, preliminary denervation of the 
muscle is necessary by section of its nerve. Three or four days after nerve 
section the degenerative phenomena are so advanced as to permit the muscular 
stimulation to be considered as genuinely direct. (Lissak, Dempsey and Rosen- 
blueth, 1939). The soleus muscle, denervated 4 to 7 days prior to the exper- 
imentation, was used. Stimulation was obtained with maximum tetanizing 
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1936), That Is, when an animal has received a dose of curare adequate to pre- 
vent muscular response on the stimulation of the motor nerve, an injection of 
eserine or prostigmine will permit the appearance of the muscular response to 
the nerve-conducted impulse. 

The explanation of the antagonism between these drugs in the light of the 
chemical theory of nerve impulse transmission is as follows. Dale, Fcldberg 
and Vogt (1936) have shown that the curarization of an animal does not impede 
or even quantitatively alter the liberation of acetylcholine on the indirect stim- 
ulation of the neuromuscular preparation. Rosenblueth and Morison (1937) 
believe that in order for acetylcholine to stimulate a muscle it must be present 
within an “effective range”; if the quantity should exceed this limit, reaching 
the paralytic threshold, instead of producing a greater stimulation of the muscle 
it produces a paralysis. On the other hand, if the quantity of acetylcholine does 
not reach the effective range, but remains below tbe excitatory threshold, there 
there is no contraction at all. These authors then explain the action of curare by 
suggesting that it raises the excitatory and paralytic thresholds. Then, accord- 
ing to them, the antagonistic action of eserine and curare is readily explained, 
since both eserine and prostigmine have a protective action toward acetyl- 
choline by virtue of their property of inhibiting the activity of choline esterase, 
favoring an accumulation of the acetylcholine liberated during tbe nerve impulse. 
In other words, the function of eserine or of prostigmine might be explained by 
saying that each drug brings about a relative lowering of tbe above-mentioned 
thresholds. 

Any substance, the effects of which are added favorably to those of eserine or 
or prostigmine, should decurarize the animal; that is, should cause the reappear- 
ance of the muscular contraction when a motor nerve is stimulated in a cur- 
arized animal. 

Although the threshold theory of Rosenblueth and Morison serves quite well 
to explain a group of phenomena associated with the chemical transmission of 
the nerve impulse, it fails to give satisfactory explanation of the mode of action 
of nikethamide at the level of the neuromuscular junction. This drug produces 
a greater development of tension in the muscle stimulated indirectly at low 
frequencies (Section A and fig. 2); it produces a depression of muscular con- 
traction when the muscle is stimulated indirectly at high frequencies (Section A 
and figs. 1 and 2) ; it increases the muscular contraction induced by acetylcholine 
(Section C and fig. 6) ; and it enhances the action of prostigmine (Section B 
and fig. 5). In the light of all of these reactions one could assume that the drug 
lowers the thresholds of acetylcholine, but if this is accepted there remains 
completely unexplained the fact that nikethamide enhances the action of 
curare (Section B and fig. 4). 

If it is to be accepted that nikethamide lowers the thresholds of acetylcholine 
it is easy to explain the depression it produces in the first stage of muscular con- 
traction (fig. 3A). On the other hand, it is quite difficult to explain the modi- 
fications resulting in the other stages; viz., 2, 3a, 3b, 3e. As has been pointed 
out above, nikethamide causes an accentuation of the stages of lack of eontrnc- 
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when a series of uniform contractions were obtained nikethamide was injected. 
Under these conditions nikethamide failed to have any effect, even when used 
in double the usual doses (fig. 7.). On the other hand, when injected during a 
prolonged muscular contraction incited by a tetanizing current (The Harvard 
induction coil produces a high frequency, about 90 per second) nikethamide 
produces a depression in muscular contraction. (The nikethamide was always 
injected in the descending phase of the curve of muscular tension). When com- 
pared with the depressions obtained during indirect muscular contraction, this 
depression is of slight degree and of short duration (see fig. 7B). 

Discussion. I. Action of picrotoxin. As stated above, when picrotoxin is 
injected during muscular contraction it usually has no effect at all, or else it 
depresses slightly the neuromuscular transmission. This does not necessarily 
mean that picrotoxin could not have a more definite inhibitory effect if injected 
in larger doses. However, the doses which we did use were quite large, the 
greatest being 1 mg., and we did not feel that it was of value to study this drag 
further since its action on the neuromuscular junction was so slight. 

Strychnine, metrazol, and picrotoxin are drugs which produce convulsions. 
The convulsions resulting from the action of strychnine and metrazol are quite 
similar, but those caused by picrotoxin are of a different nature (for details see 
Goodman and Gilman, 1941). Furthermore, the mode of action of these drugs 
on the neuromuscular junction differs; i.e., stiychnine and metrazol produce 
inhibition of indirect muscular contraction by elevating the threshold of acetyl- 
choline (Lanari and Luco, 1939; Salvestrini, Croxatto and Alonso, 1940). On 
the other hand, picrotoxin in doses up to l'mg., which is the convulsant dose, 
has practically no action on indirect muscular contraction. Perhaps these 
differences in peripheral action have some relation to the fact that the types of 
convulsions produced by them are different. 

II. Action of nikethamide. The experimental results described above lead one 
to think that the action of nikethamide takes place at the level of the neuromus- 
cular junction. In Section D it is pointed out that nikethamide produces a 
slight depression when injected in the depressive phase of direct muscular con- 
traction, that is, when there is muscular fatigue. However, when injected 
during a series of direct muscular contractions without muscular fatigue (see 
Section D), the nikethamide does not produce depression even when the dose is 
doubled. (Compare figs. 7A and 7B.) In our opinion this is only an apparent 
contradiction. In the whole animal, as were the animals used in this study, 
nikethamide produces an important hypertension by causing a vasoconstriction 
(see Goodman and Gilman, 1941). During the state of fatigue it is important 
(hat there be a good circulation in order to remove the metabolites. If during 
this state there be a vasoconstriction and thus a limitation of blood supply, 
the fatigue should increase. We believe that this might explain the production 
of depression by nikethamide in fatigued muscle when it lias no effect on 
rested muscle. 

The antagonistic action of cserine and prostigmine on the one hand and curare 
on the other is well known (for references see Ro=enblucth, Lindriey and Morison, 
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Nikethamide depresses the first stage of neuromuscular transmission (fig. 3A) 
and also depresses the amplitude of the contractions of a muscle stimulated in- 
directly every 15 seconds with a frequency of 500 stimuli per second. The first 
stages, namely 1, 2, 3a, 3b, and 3c, undergo a series of changes which are described 
in Section II A (fig. 3B). The action of curare (fig. 4) and the action of prostig- 
mine (fig. 5) are reinforced by the action of nikethamide. 

The contractions produced by acetylcholine in a muscle sensitized by denerva- 
tion are reinforced by the effect of nikethamide. (Fig. 6). 

Nikethamide does not alter the curve of the contraction of a directly stimu- 
lated muscle so long as there is not fatigue (fig. 7A), but depresses the curve in 
the presence of muscular fatigue. (Fig. 7B). This difference is discussed. 

These results are analyzed in the light of our present knowledge of the chemical 
theory of nerve impulse transmission. 
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tion (2 and 3b) and depresses the 3a stage. (Section A and fig. 3B.) According 
to Rosenblueth and Cannon (1940) the explanation of the effect on these first 
stages of neuromuscular contraction would be the following; stages 1; 3a and 3c 
would be identical and would be due to the liberation of acetylcholine; the first 
depression or lack of transmission stage 2, would be due to an inhibitor}' substance 
thus far unknown, and the second, 3b, to an excess of acetylcholine which would 
rapidly accumulate in the neuromuscular junction. 

The injection of acetylcholine during the first stage only produces an exagger- 
ation of stage 3b (Rosenblueth and Cannon) and does not appear to influence 
the others or the succeeding muscular contractions of a series of contractions 
obtained by a stimulation of 10 seconds followed by a rest of 10 seconds. If 
nikethamide lowered the threshold of acetylcholine it should be possible to ob- 
serve an intense depression of stage 3b, since a lowering of threshold could not 
in any case compare with the excess of acetylcholine built up by the intra- 
arterial injection of 1 mg. of acetylcholine, as Rosenblueth and Cannon have 
been able to do without affecting the succeeding contractions. Such a depres- 
sion does not occur. If, moreover, a relative lowering of threshold came about 
by a mechanism of inhibiting choline esterase it should be expected to affect more 
than one member of a series of contractions. This explanation does not corre- 
spond with observed phenomena if one compares these possibilities with the 
effects produced by prostigmine, a known inhibitor of choline esterase. In 
fact, according to Rosenblueth and Cannon, when prostigmine has been admin- 
istered and the muscle is stimulated indirectly, frequencies of 30 to GO stimuli 
per second are sufficient to produce the stages 1, 2, 3a, 3b, and 3c. If niketham- 
ide lowered the threshold by a mechanism similar to that of prostigmine, it is 
evident that with a frequency of 500 stimuli per second, the stages under discus- 
sion would not be produced. 

All of these considerations compel one to admit that the explanation of the 
mode of action of nikethamide cannot be similar to the already established ex- 
planations of the mode of action of these other drugs more commonly used in the 
study of nerve impulse transmission. 

SUMMARY 

In cats anesthetized with nembutal a study is made of the effect of picrotoxin 
on indirect contraction of the quadriceps femoris (Section I), the effect of nike- 
thamide (coramine) on the indirectly stimulated soleus and quadriceps muscles 
(Section II, A), the effect of nikethamide on the response of muscle stimulated 
by the action of acetylcholine (Section II, C), and on the response of directly 
stimulated muscle (Section II, D). 

When picrotoxin is injected during indirect stimulation of muscle it has cither 
no effect at all or else only a slight depression of muscular contraction when the 
stimuli arc of frequencies greater than 32 per second. (Fig. 1). 

Nikethamide increases the development of tension of a muscle stimulated 
indirectly at low frequencies (fig. 2A and 2B) and produces a depression of mus- 
cular contraction when the stimuli are of higher frequencies (fig. 1 and 2C). 
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trodcs were o{ stlx or with i ubber insulation In order to record the responses of the muscle, 
the femur was fixed with clamps and the tendon, isolated and dix lded, was fastened to the 
short end of a lexer exorcising traction on rubber bands and making kxmographic tracings 
Drugs used in the studx were as follows Prostigminc (injectible solution, Itoclic) curare 
Merck or Brazil! m (mule produi t), picrotoxm (Eimcr and Amend) m 2<7 solution, strxch- 
nine sulfate Merck in 0 5 r c solution, and meirazoi (pentametliylene tetrazol, Sxmtas) m 
10^1 solution Ml solutions were made with distilled water All these drugs were injected 
into the abdominal aorta below the inferior mesenteric arterj , the contralateral iliac artery 
and the median sacral ai ten li i\ mg been ligated In some experiments the inferior mesen- 
teric arterj and some of the xertehral arteries wore also ligated 
Suite pkrotoxm stvxihmno and mctrazol are conxmlsant drug- a little prior to their 
application an mjoi lion of supplemental Nembutal, amounting to i to $ of the anesthetic 
dose, was injected intmpentoneallx , thus conxulsions were avoided in a laigc number of 
the experiments. 

IIlsum b. In all of the experiments a fiequencv of excitation stimuli vatying 
between 90 and 170 pet minute was used. It is x\ ell known that a muscle stimu- 
lated at these frequencies develops a ceitain tension which it maintains over a 
long period. (Del Pozo, 1942). Under these conditions it is very convenient to 
carry out studies with curate of prostigminc since a desirable degiee of eurariza- 
tion oi prostigminization can be obtained without the occuiience of fatigue 
phenomena w hich oidinarilv might confuse the results. In this study theie have 
not been used at any time doses of curate or piostigmine of sufficient strength 
to abolish completely the muscular contractions, except on one occasion when a 
complete curauzat ion was obtained for a very short time, as may be seen in fig. 3. 

A. Effect of piciotoxin in (In action of prostigminc and of curate. Piciotoxin, 
when injected into tlie abdominal aorta duvmg the action of piostigmine or of 
cur.ue, has vei.v little if any effect As seen in hg. 1 , there is in the case of curare 
a scateely petceptible change, which seems to be a reinfoicement effect. It can- 
not be said that any more peiceptible change was obtained when the hugest doses 
of the experiment (1 mg.) were u«ed than when the smallest dose was given (0.C 
mg). In any case, the tcinfoicing effect of pietotoxin on curare is extremely 
small, if it exists at all 

It is oxen more difficult to point out any effect of piciotoxin on the action of 
prostigminc, eithei of reinforcement or of inhibition If it has any action at all, 
it would seem to be one of interference with the phenomenon of spontaneous 
deprostigmimz.it ion 

13 Effect of sfiyr/imm- on tin action of proshyimnc ami of cm arc. In contrast, 
to the findings m Section A, stiychuiue does have a definite effect on the action 
of both curare and piostigmine, and a similat effect on the two In all cases 
there was reinfoicement ot the action of eithei drag for a few seconds (fig. 2). 
Immediately after this reinfoicement theie occurs a moderate decuiarizatiou 
(2A) or a \ civ nuuhed depiostigmimzation (fig 2B and 20 All of these results 
were more intense when l.ugei do-os of sUxclmtne (2 mg 1 were reed than when 
smaller ones (0 75 mg ) were gixen 

P Effect ofimtriKol on (hi action of prostigimm and of curan When metrazol 
is injected into the abdominal aorta during the action of prostignnne, it icinfoi ees 
to a slight degree the action of the latter drug, (fig 4), an observation confirming 
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la a study on the effect of magnesium sulfate on the superior cervical ganglion, 
Huidobro and Luco (1939) found that this drug caused a diminution in the ef- 
fectiveness of prostigmine and of curare. This curious property of magnesium 
sulfate is not manifest when this drug is applied to the neuromuscular junction 
(Luco, Pichard, and Huidobro, 1949) • Salvestrini, Croxatto and Alonso (1940) 
obtained an opposite effect with metrazol in their studies on the neuromuscular 
junction, finding that this drug potentiates the action of prostigmine and of cu- 
rare. On the other hand Kahlson and Peil (1937) have shown that metrazol is 
capable of restoring respiratory function which has been stopped by curare. 
Although there stre other substances which show these paradoxical effects on the 
action of curare and prostigmine, as in the case of nikethamide (Huidobro and 
Jordan, 1945), it seemed of interest to us to reinvestigate the effects of metrazol 
since there is a contradiction between the findings of Kahlson and Peil on the one 
hand and Salvestrini, Croxatto and Alonso on the other. 

As Salvestrini, Croxatto and Alonso (1940) have indicated that there is a 
similarity between the action of metrazol on the superior cervical ganglion and 
its action on skeletal muscle as regards its influence on the action of strychnine 
on these two structures (Lanari and Luco, 1939), we believe it is important to 
learn whether such a similarity exists in its influence upon the action of curare 
and prostigmine. 

We have chosen to include observations on the action of picrotoxin in this 
study because of its pharmacological similarity to metrazol and strychnine, all 
three being central nervous system stimulants and convulsants. Picrotoxin 
apparently docs not have any noticeable effect on the neuromuscular junction 
(Huidobro and Jordan); however, it has been noted in this department (Huidobro 
and Valenzuela) that some substances which seem not to have any effect on the 
neuromuscular junction were actually slightly influential on this junction when 
the animal had been injected with curare or prostigmine. Tins fact leads us to 
include picrotoxin in the present study despite previous negative findings with 
this drug. 

Method. The animals used were cats weighing 2 to 3 kgs., anesthetized with sodium 
pentobarbital (Nembutal, Abbott: 0.033 Gm. dissolved in 1 cc. of 25% urethane, per kg. 
body weight, intrapcritoncally). A tracheal cannula was inserted so as to facilitate arti- 
ficial respiration if necessary. The studies were made on the quadriceps femoris muscle, 
stimulated with maximal excitations through the crural nerve, previously isolated and 
divided. Stimuli were discharged from condensers controlled with vacuum tubes. Elec- 
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described (Huidobro and Jordan, 1945). In reality, picrotoxin lias only a very 
slight effect, if any at all, on indirectly stimulated muscle and on the action of 
prostigmine and of curare. Nevertheless, it does seem to leinforce the action of _ 
curate and prostigmine (see Section A, Results), the ding thus seeming to be 
feebly curarizing and feebly piostigminizing, the lattei being paiticularly hard to 
demonstrate because of the impossibility of giving a satisfactory dose of prostig- 
mine in the conti ol experiments. This difficulty stems fi om the fact that prostig- 
mine is eliminated very slowly and its effects are cumulative. If it is true that 
picrotoxin is curarizing and at the same time prostigminizing this fact is difficult 
to explain by our present knowledge m the light of the chemical theory of the 



Fig 3 Dfcirarizixg Actios of Metrazol 
A Cal anesthetized with Nembutal Upper tracing quadriceps lemons muscle excited 
indircttlj with maximum stimuli at a frequencj of 100 per minute Upper line a , intra- 
aortic injection of 25 mg of metrazol, b and c , intra aortic injection of curare, d , intra 
aorlic injection of 25 mg of metrazol Lowerhne time in minutes 
II Devon minutes after A. 

Fin •! Rt isfobcfvext of the Action of Prostigmine m Methazoi. 

Cat Anesthetized with Nexibvtal 

Quadriceps femons muscle excited indirectlj with maximum stimuli at a frequency of 
HO per mtuutc L pper line a , intra aortic injection of 30 mg of metrazol, b , intra aortic 
injection of 225 micrograms of jirostignune , c , intra aortic injection of 30 mg of metrazol 
Lowerhne time in minutes 

transmission of none impulses Indeed, for some time it has been known that 
ornate anti prostigmine aio antagonistic (foi rcfeienees see Rosenblueth, Lmds- 
iey and Morison, 1930) The action of cuiaie can lie explained as an elevating 
of the tineshold of acetylcholine (Rosenblueth and Alonson, 1937), prostigmine 
on t ho other hand, acts by its anti -choline-esterase power, lowering the paralytic 
tinosiiold of acetj lcholme (Roscnl)lueth and Monson, 1937 For moie complete 
discussion sec Huulobro and Joidan, 1945) 

H Slrychmm banan and Ltico (1939) have shown that strychnine has a 
depressant action on skeletal muscle and on the superior cert ical ganglion Then 
explanation foi this phenomenon is that strychnine elevates the acetylcholine 
threshold llius, it may be said that stivchnme and curare aie analagous m 
this sense BoUv and llacq (1938) obserx ed that strychnine laned the threshold 
of acetylcholine L:m;tn and Luco, on the other hand, indicate that a small dose 



02 


F. HUIDOBRO 


the findings of Salvestrini, Croxatto and Alonso (1940). In contrast to the 
observations of these writers, we find that when metrazol is injected into the 
abdominal aorta, it produces a decided deeurarization as shown in fig. 3. This 

A B 



Fig, 1. Effect of Picrotoxin on the Action of Prostigmine and of Curare 

A. Cat anesthetized with Nembutal. Upper tracing: quadriceps femoris muscle excited 
by maximum stimuli through the crural nerve with a frequency of 120 per minute. Signal 
on upper line . intra-aortic injection of 225 micrograms of prostigmine. Signal on middle 
line, intra-aortic injection of 0 6 mg of picrotoxin Lower line, time in minutes. 

B. Same animal as in A. Upper tracing stimulation of quadriceps femoris muscles 
under same conditions as in A, 11 minutes later. Signal on upper line '.intra-aortic injection 
of 0.6 mg. of picrotixin. Lower line time in minutes. 



Fin 2 Effect of Strfcii.mm; on the Action of Cluari. and of Prostioxiim; 

A Cat anesthetized with Nembutal Upper tracing maximum indirect stimulation of 
quadriceps femoris muscle at a frequency of ICO per minute Upper line first signal, intra- 
aortic injection of curare, second signal, intra-aortic injection of 0 75 mg of strychnine. 
Lower line time in minutes 

B Cat anesthetized with Nembutal Upper tracing quadriceps femoris muscle stimu- 
lated under the same conditions as in A. Upper line brat signal, intra-aortic injection of 
275 nncrograms of prostigmine, second signal, ultra aortic injection of 1 5 mg of strych- 
nine. Lower line time in minutes 

C Cut anesthetized with Nembutal Upper tracing quadriceps femoris muscle stimu- 
lated indirectly at a frequency of 120 per minute Upper line a , intra-aortic injection of 
300 micrograms of prostigmine; b., intra aortic injection of 150 nncrograms of prostigmine, 
c., intra-aortic injection of 200 nncrograms of prostigmine; <1 , intra-aortic injection of 2 
mg of strychnine Lower line time in minutes 

is a confirmation of the findings of Kahkon and Foil (1937) The-e r fleets have 
boon definite and constant in the eight animals studied, the do-es of metrazol 
x'avying between 15 and 30 mg. The drug was injected into the abdominal aorta 
under the conditions described above (see Methods). 

Discussion. A. Picroloxin. The re-tilts obtained concur with those already 
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strychnine has a definite inhibitory action on choline esterase. This phenomenon 
stands 1 in contradiction to the observations reported above, since strychnine, 
except for a very brief period of reinforcement of prostigmine, has a definite 
deprostigminiaing effect. 

Picrotoxin, strychnine and metrazol are stimulants of the central nervous 
system and the three produce convulsions. In the neuromuscular junction the 
three drugs act as quite different substances (see Results, Section A, B, and C). 
Picrotoxin has practically no effect; strychnine has a very curious effect on the 
action of curare and of prostigmine; and metrazol is depressant in that it 
evidently lowers the acetylcholine threshold. These marked differences suggest 
that the chemical transmission in the synapses in the central nervous sytem must 
take place under circumstances differing from those which facilitate it in the 
neuromuscular junction. 


SUMMARY 

Studies are carried out in cats anesthetized with Nembutal in order to observe 
the effects on the indirectly stimulated quadriceps muscle when the animal has 
received prostigmine under curarization. The following observations are made. 

Picrotoxin has practically no effect. What little it does have seems to be a 
feeble reinforcement of the effect of prostigmine and of curare (fig. 1 and Section 
A of Results). 

Strychnine has a complex reaction. For a few seconds it reinforces the action 
of curare and of prostigmine and then produces a moderate decurarization or a 
violent deprostigminization (fig. 2 and Section B of Results). 

Metrazol weakly reinforces the action of prostigmine and behaves as a decu- 
rarizing drug (fig. 3 and Sec. C of Results). 

The behaviour of these three substances is discussed in the light of our present 
knowledge of the theory of neural transmission. The conclusion is drawn that 
the behavior of picrotoxin and strychnine cannot be explained by the classical 
theory' of the two thresholds of acetylcholine, whereas metrazol can be looked 
upon as a neuromuscular depressant in that it elevates the acetylcholine 
thresholds. 
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of strychnine (0.25 to 0.50 mg.) increases the response of indirectly stimulated 
muscle which has previously been depressed by strychnine. They report similar 
results with somewhat larger doses (0.50 to 1 mg.) in the superior cervical gang- 
lion. The results described in Section B appear to be in contradiction to the 
reports of these authors, since in our findings strychnine exaggerates the action 
of prostigmine, although it is true that the reinforcement is of short duration and 
is followed by an intense deprostigminization. In their studies, Lanari and Luco 
stimulated the preganglionic fibers for 2 seconds with tetanic current and, in the 
case of muscle, stimulated the nerve for 10 seconds tetanically, and allowed the 
preparation to rest, in the case of the ganglion, for one minute and in the case of 
muscle for three minutes. Therefore it is possible that their injection of prostig- 
mine was not made at the exact moment in which the drug might have been rein- 
forced by the strychnine. 

Since Lanari and Luco have showed that strychnine does not activate muscle 
directly and only has influence on muscle through the neuromuscular junction, 
it is not possible to explain the similarity of the effect of strychnine on the action 
of curare and on the action of prostigmine, as set forth in Section A. 

C. Mclrazol. We find that metrazol has a decurarizing action, a confirmation 
of the observations of Ivahlson and Peil (1937) and a contradiction of the state- 
ments of Snlvestrini, Czoxatto, and Alonso. We felt that it would be of interest 
to repeat some of the experiments of these authors in order to see whether the 
discrepancies might lie in differences in the varying nature of the drug employed. 

The inhibitor}' action of metrazol on muscular contraction depends on the 
frequency of stimulation. The drug fails to have a depressant action on the 
contraction of a muscle stimulated at a low frequency, between 90 and 170 per 
minute, (sec fig. 3 and 4), thus failing to conform to the observations of Salves- 
trini, Croxatto, and Alonso. If high frequencies are used, above 25 per second, 
metrazol produces an intense depression of muscular contraction, very often 
without any recovery, thus conforming with the claims of the above mentioned 
authors. Furthermore, as these workers state, we find that if metrazol is in- 
jected during a series of stimulations of high frequency and short duration, ap- 
plied at regular intervals of time, there docs come about a depression of contrac- 
tions with complete failure to regain the original amplitude. 

If we accept the idea that metrazol does not act directly on muscle (Snlvestrini, 
Croxatto and Alonso, 1910) either to depress it at high frequencies or to reinforce 
the action of prostigmine or to produce dccurarization, it is necessary to suppose 
that the drug has a depressant action on the neuromuscular junction, since it is 
capable of lowering the acetylcholine threshold. In other words, when metrazol 
is injected during indirect muscular contraction it produces a situation in which 
the quantity of acetylcholine liberated in the nerve ending is not sufficient for 
the chemical transmission of the impulse, since the amount is in excess of the 
paralytic threshold (Ro-cnblueth and Morison, 1937). 

If, then, we accept the idea that metrazol lowers the acetylcholine threshold, 
we muM. assume that it does so through a mechanism other than that generally 
recognized, because metrazol does not have any influence upon the potency of 
choline esterase (Sepulveda and Croxatto, 1910). Nachmansohn affirms that 
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Pharmacological investigations with pure erythrophleum alkaloids have been 
relatively few. Santi and Zweifel (14) have tested their toxicity in frogs, rats, 
and rabbits. Brief reports have been published of their local anesthetic effect 
(15) and their action upon the isolated frog heart (16), the frog heart in situ (17), 
the isolated rabbit heart (18), the blood vessels of the hind legs of the frog and of 
the rabbit’s ear (19), the blood pressure and respiration of the rabbit (20), the 
isolated non-pregnant uterus (21), and isolated rabbit intestine (22). 

Chen, Hargreaves, and Winchester (23) have established the minimal lethal 
and emetic dose in the cat and the minimal systolic dose in the frog. 

T his report is a description of the action of some of the erythrophleum al- 
kaloids upon the isolated mammalian heart in the form of the heart-lung prepa- 
ration of the dog. A further stud}' of the cardiac action of these alkaloids seemed 
of interest because the chemical structure has now r been sufficiently clarified to 
show the difference between these compounds and the cardiac glycosides, as 
well as a group of other alkaloidal substances, the veratrum alkaloids, the posi- 
tive inotropic action of which has recently been investigated in greater detail in 
this laboratory (24, 25, 26). 

The alkaloids used in our experiments were: cassaine hydrochloride, nor- 
cassaidine hydrochloride, erythrophleine sulfate, and coumingine hydrochloride. 
In addition, a few observations were made on the action of erythrophleic acid. 
The substances were put at our disposal by Dr. K. K. Chen, who had obtained 
the cassaine hydrochloride, nor-cassaidine hydrochloride, and coumingine hydro- 
chloride from Dalma, the erythrophleine sulfate from E. Merck, Darmstadt, 
Germany, and the erythrophleic acid from Dr. A. R. Todd at the University of 
Manchester, Manchester, England. 

Methods. Twenty-four experiments were performed on the heart-lung preparation 
The heart-lung dogs neighed from 9 to 14 kgm They were anesthetized with 35 mgm. of 
sodium pentobarbital (nembutal) 1 per kgm. given intraperitoneally. Defibrinatcd blood 
was used to supply the heart-lung prepa ration The methods of recording changes in heart 
action were the same as those described by Krajer and Mendez (24). Heart failure was 
cither spontaneous or induced by the injection of sodium pentobarbital All injections, 
both of sodium pentobarbital and of the erythrophleum alkaloids, were made into the blood 
before it entered the venous reservoir The erythrophleum alkaloids were dissolved in a 
concentration of 1.1000 in 0 9 per cent sodium chloride solution Erythrophleic acid was 
dissolved in a concentration of 1 :500 in 0 9 per cent sodium chloride solution and was neu- 
tralized with sodium bicarbonate Each solution was made just before the experiment in 
which it was used. Heart rates were counted cither directly or from electrocardiographic 
tracings recorded with a Grass ink-u ritmg oscillograph. 

Results. All the alkaloids investigated by us hate (1) a characteristic 
positive inotropic effect responsible for the ability of the alkaloids to improve the 
work capacity of the lieatt ; (2) an influence upon the rate of the heart character- 
ized especially by irregulanties. The alkaloids differ considerably, however, in 
the ratio of the minimal dosages leading to iricgularilies and those which will 

1 The sodium pentobarbital u-=cd in this work was generously supplied bj Abbott Labora- 
tories, >iorth Chicago, Illinois 



THE ACTION OF THE ERYTHROPHLEUM ALKALOIDS UPON 
THE ISOLATED MAMMALIAN HEART* 

HARRIET M. MALING and OTTO KRAYER 
From the Department of Pharmacology, Harvard Medical School, Boston 

Received for publication October 1, 1915 

In 1875-76 Gallois and Hardy (1, 2) isolated from the bark of Erylhrophkum 
gitinccnsc an alkaloid which they called erythrophleine. Several other related 
alkaloids were found in the bark of Erythrophleum gumcensc (3) and in the bark of 
Erylhrophkum couminga by Dalma. The knowledge of the chemistry of the 
erythrophleum alkatoids has made some progress since 1935 especially as a result 
of the work of Dalma, Ruzicka, Blount and their collaborators (4-11). Re- 
cently Craig (12) has summarized the status of our present chemical knowledge 
on these compounds. 

The erythrophleum alkaloids are esters of dimethylaminoethnnol or methyl- 
aminoethanol with tricyclic acids of probably diterpenoid nature, which on 
dehydrogenation yield 1 ,7,8-trimethylphenanthrene. On acid hydrolysis the 
alkaloids split according to the following formulae: 


Ch.HAN 

Erythrophleine 

» CriHsOs 

Erythrophleie 

Acid 

+ 

CHj — NH— CH* — CHrOH 
methylaminoetlianol 

CuHnO.N 

Cassainc 

*■ CcoHaoOr 

Cassainic 

Acid 

+ 

(CHj).— N — CH: — CHiOH 

dimethylaminoethnnol 

CsiHuOrN 

Cassaidinc 

* C a H*A 

Cassaidinic 

Acid 

+ 

(CHj)» — N — CHs— CHsOH 
dimethylaminoethnnol 

CnILiOsN 

Coumingine 

* CisHjsOj 

Couminginic 

Acid 

+ 

(CHj). — N— CHs— CHjOH 
dimcthylnminoctlmnol 


Cassainic acid has one carbonyl group, one hydroxyl group, and one double 
bond in o-fl position to the carboxyl group. Erythrophleie acid bos in addition 
one methoxyl group. Cassaidinic acid differs from cassainic acid in that it has 
an additional hydroxyl group instead of the carbonyl group. Couminginic acid 
is a derivative of cassainic acid in which the nuclear hydroxyl group is esterified 
with /S-hydroxyisovalcric acid. No chemical information on nor-cassaidine 
cx'ccpt the empirical formula (3) CYjH,i 0 5 X could be found in the literature. 

Since Gallois and Hardy described systolic arrest of the heart of the frog re- 
sulting from erythrophleine, the erythrophleum alkaloids have been considered 
heart poisons and pharmacologically related to the cardiac glycosides. The 
older pharmacological literature has been exhaustively renewed by Sanli (13). 

* This work was supported in part by a grant from Eli Lilly and Company and in part by 
a grant from the William W. Wellington Memorial Research Fund. 
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increase in output and little lise in right auricular pressuie, although the output 
values iveie somenhat lower than the control values. 

As is the case with the cardiac glycosides and the veratrum alkaloids, the onset 
of the action is not abrupt, but gradual. It becomes noticeable within one to 
two minutes after cassaine hydrochloride and nor-cassaidine hydrochloride, and 
within three minutes after erythrophleine sulfate. Impiovement of contrac- 
tility reaches its maximum within a period of five to fifteen minutes, as can be 
seen from the changes in ventricular volume (fig. 1) and venous pressure (fig. 1 
and 2) and from the change in systemic output (fig. 2). The duration of action 
of a single nearly maximally effective positive inotropic dose (not leading to 



Fig. 2. Experiment No. 10. Action of Noh-Cassaidine Hydrochloride upon 
the Heart in Sodium Pentobarbital Failure 
Heart-lung preparation. Weight of heart-lung dog, 10 hgm Ventricular Height, 47 
grams. Blood volume approximately 630 cc during A, 450 cc during B and C. Arterial 
resistance 66 mm. of mercury. Tracings from top to bottom sjstemic output, each signal 
indicating 100 cc , time hi 10 second intervals, arterial pressure (scale on left in mm of 
mercury), right auricular pressure (scale on right in mm of water) The horizontal rons 
of figures indicate, from top to bottom systemic output in cc per minute, heart beats per 
minute, temperature of the blood in degrees centigrade At 4-50. the level of the venous 
reservoir was increased b\ 50 millimeters Between A and B, during a time lapse of 18 5 
minutes, 140 mg of sodium pentobarbital was injected Between B and C, 3 minutes’ inter- 
xal During these intervals, the original inflow level was restored At the first signal in 
C, 0 25 mgm of nor-eassaidinc li> drochlonde was injected 


disturbances of rhythm) is appioxiniatcly 45 minutes. In the experiment of 
figtno 1, tiie diastolic \olume had ictuincd to its original level 45 minutes after 
tlie injection of 0 5 mgm. cassaine Iiydiochloride, while in the experiment of 
figine 2, the incieascd woik capacity was still e\ ident 37 minutes aftei the 
adniimstiation of 0 25 mgm noi-cassaidine Iiydiochloride. 

'flu pulmonary ailciml picssinc of noimal heait-lung piepaiations is not 
changed by positive inotiopic doses of cassaine, noi-cassaidine, oi eiythrophleine. 
IIowcaci, the elevated pulmonaiy arterial pies«uie of the failing heait-lung 
piepaiation is icduced by such do-es The ntmked deeiease in diastolic ventric- 
wlm volume of the failing heart, theiefore, is due in pait to the change in 
pulmonaiy pic-'suie with its marked influence upon the size of the right ventricle. 
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lead to a positive inotropic effect. On this basis, nor-cassaidine, cassaine, and, 
to a lesser degree, erythrophleine, differ sharply from coumingine. 

I. The positive inotropic action; the effect upon pulmonary pressure 
and upon coronary flow. A. Nor-cassaidinc, cassaine, and erythrophleine. 
The positive inotropic effect of the alkaloids is apparent from figure 1 and figure 
2. In the normal heart (see fig. 1) the outstanding change is a decrease in 
diastolic ventricular volume with no marked change in systemic output. The 
lack of a change in heart rate and pulmonary arterial pressure indicates that the 
change in heart volume is due to the inotropic action of the alkaloid. 
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Fig. 1. Experiment No. 5. Action of Cassaine Hydrochlorice upon Heart Volume 
Heart-lung preparation. Weight of heart-lung dog, 10.6 kgm. Ventricular weight, lit 
grams. Approximate blood volume, 550 cc. Arterial resistance not recorded. Tracings 
from top to bottom- systemic output, each signal indicating 100 cc.; time in 10-second in- 
tervals; arterial pressure (scale on left in mm. of mercury) ; heart volume (scale on left below 
the tracing in 10 cc.); pulmonary arterial pressure (scale on left in mm. of water); right 
auricular pressure (scale on right in mm of water) . The horizontal rows of figures indicate, 
from top to bottom: systemic output in cc. per minute, heart beats per minute, and tempera- 
ture in degrees centigrade. At signal in A, 0.5 mgm. of cassaine hydrochloride was given. 
B, 10 minutes after A. C, 30 minutes after B. D, 9 minutes after C. 


As with the cardiac glycosides and veratrum alkaloids, work capacity changes 
without marked change in rate can be more strikingly demonstrated in the fail- 
ing heart, whether the failure is spontaneous or induced by the administration 
of barbiturates. In the experiment of figure 2, heart failure was induced by 
sodium pentobarbital, and the limit of competency, as shown by the response to 
increase in venous supply, had been greatly reduced. From figure 2 B it appears 
that the heart was unable to increase its systemic output above -1-40 cc. per min. 
The administration of 0.25 mgm. nor-cassaidine hydrochloride increased the 
systemic output under basal conditions of blood supply to 9G per cent of its 
original value (from 320 cc. to 500 cc. per min.); and the subsequent increase in 
blood supply showed that the heart responded like the normal heart with marked 
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TABLE I 


EXP, NO. | 

ORDER or 

VEN- 

j DOSE 

INOTROPIC EFFECT j 

CHRONOTROPIC EFFECT 


INJEC- 
TION* ; 

TRICLE | 
WT. 1 

Mgra. 1 

Mgm./L! 

blood 

Type$ j 

Onset 


Cassaino Hydrochloride 


i 


gm. 

79 

0.1 

0.17 

none 

none 

MID. 

PBFf 

i 


79 

0.2 

0.49 

positive 

none 


13 min. after A 

2 


91 

0.25 

0.48 

positive 

none 


PBF 

3 


77 

0.3 

0.33 

none 

none 


normal heart 

4 


76 

0.5 

0.83 

positive 

none 


PBF 

5 


114 

0.5 

0.93 

positive 

none 


slight SFt 

6 


106 

0.5 

0.91 

positive 

none 


SF 

3 

B 

77 

0.6 

0.74 


v. tachycardia 

4 

51 min.afterA 

5 

B 

114 

0.7 

2.08 

positive 

none 


56 min. afterA 

1 

MM 

79 

0.75 

2.0 

positive 

none 


15 min. after B 

7 


94 

0.8 

1.0 

positive 

slowing, a. v. 

31 

PBF 

8 

H 

73 


2.0 

positive 

block 

slowing 

10 

normal heart 


Nor-cassaidine Hydrochloride 


PI 

A 

92 

fill 


positive 

none 


PBF 

19 

A 

47 



positive 

none 


PBF 

u 

A 

86 



positive 

none 


PBF 

12 

A 


IglSS 


positive 

none 


slight SF 

13 

A 

94 

JO 


positive 

transient ex- 
trasystoles 

25 

PBE 

10 

B 

47 


1.39 


v. tachycardia 

2 

38 min. after A 

12 

B 


mm 



v. tachycardia 

3 

25 min. after A 


Erythrophleine Sulfate 


14 

A 


0.25 

0.50 

none 

none 


PBF 

14 

B 


0.25 

0.50 

positive 

none 


5 min. after A 

15 

A 

117 

0.3 

0.54 

positive 

none 


PBF 

10 

A 

122 

0.5 

0.89 

positive 

none 


PBF 

17 

A 

64 

0.5 

1.1 

positive 

none 


slight SF 

18 

A 

85 

0.5 

0.77 

positive 

v. tachycardia 

23 

PBF; irreg. 









when Mora- 









witz cannula 









removed 

15 

B 

117 

0.5 

0.89 

positive 

slowing 

11 

50 min. after A 

14 

C 


0.5 

1.0 


v. tachycardia 

12 

I5min.afterB 

19 

A 

1GG 

1.0 

0.95 


v. tachycardia 

8 

PBF 


*A first, B = second, C = third injection, 
t «* I’cntobarbitnl failure, 
t « spontaneous failure. 

5 a. “ auricular, v. ■= ventricular. 
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The coronary sinus outflow was meastned in four experiments with cassaine, 
in three experiments xxrith nor-cassaidine, and in one experiment with erythio- 
phleine. Doses of the alkaloids which do not cause inegularities cause no 
significant changes, although a tendency to deciease in coronary flow is apparent. 
A definite reduction in coronary sinus outflow occurs with doses leading to 
inegularities (see fig. 3). In the experiment of figuie 3, coronaiy sinus outflow 
decreased 37 per cent after 1 mgm. of cassaine hydrochloride. There was no 
important change in mean arterial piessuie or rate to account for this change. 
The sinus outflow again increased with the appeaiance of inegularities which 


200 220 220 225 220 330 215 310 



♦90 -90 


lie 3 I.m’HiivilxtXo 6 \ctiox of v Toxic Dost of Cassaine 
Hi imocin onion t'rox tiif. Normal Heart 
Henri lung preparation Weight of heart lung clog, 0 S Kg m. Ventricular weight, 73 
grams Approximate blood volume, 520 cc Arterial resistance, SO mm. of mercury. 
Tracings from top to bottom svslenuc output .each signal indicating 100 cc.; coronary sinus 
outflow , each signal indicating 0 2 cc , time in 10 second intervals, arterial blood pressure 
(scale on left in nun of mercury), pulmonary arterial pressure (scale on left in mm. of 
water), right auricular pressure recorded from inferior vena cava (scale oil right in mm. of 
water) Horizontal rows of figures from top to bottom s} stemic output in cc per minute; 
coronary sinus outflow in cc per minute, heart bents per minute, temperature in degrees 
centigrade \t u-50, (he level of the venous reservoir was raised by 50 millimeters. At 
—50, the original inflow level was restored At the first signal, 1 0 mgm. of cassaine hy- 
drochloride was injected 

wete precipitated by the attempt to te-t the response of the heart to increased 
blood supply. As is usually the case if coronaty ieristancc increases in the nor- 
mal heart, there was a shift of blood into the systemic circulation and the total 
output in this experiment ditl not significantly change until irregularities in- 
tervened. 

The t lo’tagc range of the alkaloids employed in out experiments can be seen 
ftom table 1. The iclative potency of the tlucc alkaloids with regard to their 
po-itive inotropic action decreases m the following order: nor-cassaidine, 
cassaine, erythrophleinc On a molar ba-is ras-ainc is only about one-half as 
potent a« nor-eas-nidine in leading to complete restoration of the performance of 


ERYTHROPHLEUM ALKALOIDS 


73 


A. Cardiac slowing. Cardiac slowing has been observed in experiments 7 and 
8 with cassaine, in experiment 15 with erythrophleine, and in experiment 20 
with coumingine. 

The most striking direct effect upon the cardiac pacemaker was seen in ex- 
periment 20. About 18 minutes after the injection of coumingine, the heart 
rate decreased suddenly from 132/min. to 78/min. and remained slow throughout 
the rest of the experiment (25 minutes). There was no auricular-ventricular 
dissociation. Cardiac slowing without auricular-ventricular dissociation was 



Fig. 4. Experiment No. 23. Action of Coumingine Hydrochloride upon 
the Systemic Output and the Rate of the Normal Heart 

Heart-lung preparation. Weight of heart-lung dog, 11.2 kgm. Ventricular weight, 8S 
grams. Arterial resistance, S4 mm. of mercury. The temperature of the blood varied from 
36.3°C. to 37.1°C. The heart beats per minute wore counted from electrocardiographic 
tracings. At the point 0 on the time scale, 0.25 ragm. of coumingine hydrochloride was in- 
jected. The vertical lines labeled A, B, C, D, and E indicate the times at which the cor- 
responding electrocardiograms in figure 5 were recorded. 

also observed in experiment 15 after an injection of erythrophleine. Since 
electrocardiograms were not recorded in either of these experiments, we do not 
know whether an increased P-R interval accompanied the cardiac slowing. 

The mechanism of the cardiac slowing in experiment 8 (fig. 3) is not clear. 
Experiment 7 will be discussed in detail in Section B. 

Auricular asystole occurred in experiments 22 and 23 after doses of 1.0 mgm. of 
coumingine hydrochloride, in experiment 19 after a dose of 1.0 mgm. of eryth- 
roplilcine sulfate, and in experiment 7 after a dose of 0.8 mgm. of cassaine 
hydrochloride. 

B. Action -upon the conduction system. A clear action of an erythroph- 
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TABLE 1 — Continued 


EXP. NO. 

ORDER OP 
INJEC- 
i TION* 

VEN- 

TRICLE 

WT. 

DOSE 

INOTROPIC ErEECT 1 

CHRONOTROPIC EPTECT 

REMARKS 

Mgm. 

Mgm./L 

blood 

i>p«5 

Onset | 

Coumingine Hydrochloride 





mm 



min. 







very slightly 




20 

A 


0.1 

EE] 

positive 

Blowing 

18 

?BF 

21 

A 


0.2 

ns 

positive 

v. tachycardia 

17 

slight SF 

22 

A 

80 

0.2 

0.29 

positive 

v. tachycardia 

16 

PBF 

23 

A 

88 

0.25 

0.35 

positive 

v. tachycardia 

17 

normal heart 

23 

B 

88 

1.0 

1.75 


a. asystole 


42 min. after A 







v. fibrillation 



22 

B 

80 

1.0 

1.38 


a. asystole 


75 min, after A 






1 

v. fibrillation 




the failing heart, and erythrophleine is less than one-half as potent as nor-cnsssu- 
dine. The number of experiments which we were able to make with erythro- 
phleine sulfate does not make it possible to estimate the relative potency more 
precisely, but it appears that full restoration of the performance of the failing 
heart is difficult with this alkaloid as the doses required for this come close to 
those leading to changes in heart rate. 

B. Couminginc. Coumingine hydrochloride causes a positive inotropic action 
in the heart-lung preparation at a dosage level below that of the other three 
alkaloids (see table 1). It was not possible, however, to effect a complete 
improvement of the failing heart with coumingine, as the doses used, while far 
from sufficient to restore the work capacity of the heart to normal, already caused 
a marked change in heart rate or cardiac irregularities. As with erythrophleine 
sulfate, the positive inotropic effect of coumingine hydrochloride starts after a 
latency period of about three minutes; that is, it develops more slowly than with 
cassnine hydrochloride and nor-cassaidine hydrochloride. 

During the period before irregularities appeared, no significant change in 
pulmonary pressure could be observed with doses ranging between 0.1 mgm. 
and 1.0 mgm. Coronary sinus outflow decreased approximately 10 per cent 
in experiment 21 after 0.2 mgm. 

II. Effect upon heart rate and electrocardiogram. Toxic doses of 
crythrophleum alkaloids caused one or more of the following effects: (1) a 
slowing of the heart; (2) an impairment of the conduction system manifested by 
a prolonged P-R interval and auricular- ventricular block; and (3) an increased 
spontaneity of the ventricles, as evidenced by ectopic beats and ventricular 
tachycatdia. These effects upon heart rate and electrocardiogram first became 
obvious in from 10 to 25 minutes after an initial dose of an erythropbleum 
alkaloid. The onset of irregularities, however, was sometimes as brief as two 
minutes after a second or third dose of the alkaloid. The irregularities were 
usually long-lasting, continuing until the death of the heart or the cessation of 
the experiment an hour or more after the onset of the irregularities. 
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40 minutes following the first distinct sign of ventricular irregularities^, the 
auricular rate, however decreased gradually during this period from 157 to 
120/min. During the first 30 minutes of this same period, the ventricles were 
beating irregularly at a rate approximately the same as that of the auricles. 
There were brief periods during which the ventricles were beating about 15 per 
cent faster than the auricles. The ventricular rate decreased considerably, 
however, and became regular between 30 and 39 minutes after the initial appear- 
ance of irregularities. Sixty-nine minutes after the dose of cassaine (39 min- 
utes after the first appearance of irregularities), the ventricular rate was 44, while 
tlie auricular rate was 132, a three-to-one block; the ventricular complexes were 
regular and separated by a prolonged P-R interval from the auricular beat. 
This three-to-one block continued for about four minutes while the auricular 
rate decreased further to 120/min. The auricles then stopped beating. The 
ventricles gave four irregularly timed additional beats and also stopped 
beating. 

C. Spontaneity of the ventricles. An increased spontaneity of the ventricles, 
manifested by ectopic beats and ventricular tachycardia, was the most frequently 
observed toxic effect of large doses of erythrophleum alkaloids. Transient out- 
bursts of ventricular extrasystoles were observed in experiment 7 with cassaine 
and in experiment 13 with nor-cassaidine. Complete auricular-ventricular 
dissociation and ventricular tachycardia occured in experiment 3 with cassaine, 
in experiments 10 and 12 with nor-cassaidine, in experiments 14, 18, and 19 with 
erythrophleine, and in experiments 21, 22, and 23 with coumingine. In ex- 
periments 22 and 23 ventricular fibrillation resulted from doses of 1.0 mgm. of 
coumingine hydrochloride. We have not observed ventricular fibrillation with 
any of the other erythrophleum alkaloids, probably because the doses we have 
employed were not' sufficiently large. 

Figure 4 shows the ventricular tachycardia produced by an injection of 0.25 
mgm. of coumingine hydrochloride in experiment 23. The changes in heart 
rate and electrocardiogram in this experiment may be considered typical of all 
the experiments in which ventricular tachycardia occurred. In some exper- 
iments, however, the transition between a normal heart rate and the ventricular 
tachycardia was less abrupt. 

In the experiment of figure 4 the only chronotropic effect which occurred 
within the first 15.5 minutes following the injection was an increase in rate from 
118 to 120/min. The ventricular rate increased sharply from 120.5/min. to 
220/min. between the 17th and 20th minutes. The auricles continued to beat 
throughout the rest of the experiment at a much slower rate (between 120/min. 
and 132/min.) than the ventricles. 

The electrocardiographic changes which took place in the heart-lung prepa- 
ration of figure 4 are shown in figure 5. The earliest change consisted of a de- 
crease in the T wave (tipper tracing, figure 5 B), which occurred gradually and 
was noticeable within about 7 minutes. By the time 10 minutes had elapsed, 
alternate ventricular complexes were markedly changed in character (fig. 5 C), 
suggesting the regular discharge of an ectopic ventricular pacemaker in addition 
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Ieine alkaloid upon the conduction system was observed in only one experi- 
ment (No. 7). The first distinct change in the electrocardiogram consisted of 



Fjg. 5. Experiment No. 23. EtECTROCAnDiOGRArHic Tracings Taken 
from the Same Experiment as Figure 4 
The letters A, B, C, D, and E refer to the corresponding letters on figure 4. The upper 
tracing in each record was obtained with one electrode on the left side of the diaphragm and 
the other electrode on the left side of the lower neck. This tracing corresponds roughly to 
the standard lead III. The lower tracing in each record was obtained with one electrode in 
the rubber tubing connecting the right auricle to the venous manometer and the other 
electrode within the rubber tubing connected to the pulmonary artery. This tracing em- 
phasizes the auricular contraction. Tracing A was recorded about 0.5 minutes before the 
injection of 0.23 mgm. coumingine hydrochloride. Tracings B, C, D, and E were recorded 
15.5, 1G, 18.5, and 2C minutes respectively after the injection. The horizontal rows of dots 
indicate the auricular contractions. It is difficult to analyze tracing E for auricular con- 
tractions even though observation of the heart at this time revealed a regular auricular 
rhythm of about 132/min. 

ventricular premature beats coupled with normal beats. The total ventric- 
ular rate remained unchanged. The auricles continued to beat regularly for 
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and rhythm of the heart. The changes in the rate of impulse production, the 
slewing of the rate of conduction of impulses, the increased spontaneity leading 
to irregularities of rate, ventricular tachycardia, and ventricular fibrillation are 
characteristic of all three groups of substances. Within each group the ratio 
between the minimal irregularity dose (m.i.d.) and the minimal positive ino- 
tropic dose (m.p.i.d.) appears to be characteristic of the individual compounds. 

The difference between the lanata glycosides A, B, and C (although not 
apparent in the experiments of Cattell and Gold (28) on the isolated papillary 
muscle of the cat heart) is emphasized by Moe and Visscher (29) working on the 
heart-lung preparation of the dog. Similarly a marked difference was found 
between veratridine and protoveratrine (26). While our experiments with 
the erythrophleum alkaloids are not numerous enough to establish definite 
ratios of m.i.d. to m.p.i.d., our data indicate that nor-cassaidine and cassaine 
have a larger ratio than coumingine (see table 2). 


TABLE 2 


SUBSTANCE 

WNLUAL POSITIVE IKOTSOPIC 
DOSE 

IOXTUAL IKKECCXABrrV DOSE 

I 

Mgm. per liter 
of blood 

II 

Mgm. per liter 
of btood 

Ratio 1I/I 

Cassaine Hydrochloride 

rrgrt. 

0.25 

0.48 

mgm 

o.so 

1 0 

3 

Nor-cassaidine Hydrochloride 

<0.15 

0.39 

0.50 

0 86 

>3 

Erythrophleine Sulfate 

0.30 

0.54 

>0.50* 

0 77* 

>1.6 

Coumingine Hydrochloride 

0 10 

0 16 

0.10 

0.16 

1 


* Irregularities occurred immediately after removal of Mora wits cannula. 


As the only chemical difference between cassaine and coumingine is the 
esterification of the nuclear hydroxyl group with 0-hydroxy isovaleric acid, this 
must therefore be connected with the increase in the toxic action of coumingine 
above that of cassaine. The difference in toxicity is obvious also from the data 
of Chen cl at. (23), who found coumingine hydrochloride to be lethal for the cat 
at 0.15 mgm. per kgm., while a dose of 1.15 mgm. per kgm. of cassaine hydrochlo- 
ide was required to kill the animal by heart action under the conditions ac- 
cepted for the standardization of cardiac glycosides. Dalma (6) suggested that 
cassaine might prove useful clinically for its cardiac action. The choice of this 
alkaloid would be justified on the basis of the experimental evidence concern- 
ing its “therapeutic range”; however, no evidence is available as yet to justify 
the assumption that clinically in congestive heart failure the action of the 
erythrophleum alkaloids is truly digitalis-like. 

SUMMARY 

Tiic cardiac action of the erythrophleum alkaloids, cassaine hydrochloride, 
nor-cassaidine hydrochloride, erythrophleine sulfate, and coumingine hy- 
drochloride, was studied in the heart-lung preparation of the dog. All the 
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to the normal sinus node pacemaker. A tracing taken about 40 seconds after 
figure 5 C reveals three distinct types of ventricular complexes, which may have 
resulted- from the regular discharge of two ectopic pacemakers plus the normal 
pacemaker. The P-R intervals were essentially unchanged for the normal 
ventricular complexes (fig. 5 C), indicating the normal functioning of the 
auricular- ventricular conduction system. In record D of figure 5, which was 
taken 18.5 minutes after the injection of coumingine hydrochloride, the ven- 
tricular rate had increased to 208/min. The abnormal appearance of the 
ventricular complexes and their independence of the auricular contractions 
denote a ventricular tachycardia. 

III. Erythropeii.eic acid. The action of erythrophleic acid upon the 
mammalian heart was observed in one heart-lung preparation. A dose of 5 
mgm. eiythrophleic acid (equivalent to 5.5 mgm./lOO grams of ventricle or 
6.4 mgm./liter of blood) did not produce any changes in the performance or the 
electrocardiogram of the normal heart. Heart failure was then induced by the 


administration of sodium pentobarbital. No significant improvement (decrease 
in venous pressure and increase in systemic output) of the failing heart and no 
change in rate or alterations in the electrocardiogram resulted from a total of 
37 mgm. erythrophleic acid (equivalent to 41 mgm./lOO grams of ventricle or 


61 mgm./liter of blood), administered over a period of 9 minutes. 

Discussion. Like the cardiac glycosides and the veratrum alkaloids, the 
erythrophleum alkaloids have a positive inotropic action, comparable insofar 
as the onset, extent and duration of the decrease in ventricular volume, and of 
the improvement of the work capacity in the failing heart are similar and arc 
produced by doses of same order. As no metabolic studies have been earned 
out with the erythrophleum alkaloids (or the veratrum alkaloids) it is not 
possible to say whether the similarity to the action of the cardiac glycosides also 
holds for the changes in efficiency so characteristic for this group of pharmaco- 


logical agents. 

A comparison of the three groups of substances makes it clear that the effect 
studied by us in the isolated mammalian heart does not depend upon compounds 
of the same or closely related chemical structure. While the veratrum alkaloids 
have in common with the cardiac glycosides the sterol nature and differ from 
them in that a heterocyclic ring system takes the place of the unsaturated 
lactone attached to 0,7, the erythrophleum alkaloids are neither sterols nor 
unsaturated lactones. The ester nature appears to be indispensable for the 
effect of the erythrophleum alkaloids, as erythrophleic acid itself in a dose more 
than 100 times as large as the minimal positive inotropic amount of erythro- 
phleine proved ineffective. However, no information is available on the action 
of mono-, ordimethylaminoethnnolin the normal or failing heart (27). Further- 
more it is to be remembered in this connection that the veratrum alkamine cevine 
retains the positive inotropic action although more than 100 times the dose of the 
esteralkaloid veratridine is required to obtain a comparable effect. 

The similarity between the erythrophleum alkaloids and the cardiac gly- 
cosides and veratrum alkaloids also holds with regard to the changes in rate 
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It is well established that atropine and epinephrine counteract some but not 
all of the effects of histamine. However, the few investigations which concern 
the antagonistic relationship on the pulmonary circulation were performed upon 
isolated pulmonary vessels: atropine was reported to remove the vasocon- 
strictor action of histamine (1, 2) and epinephrine was found to have no effect 
(2). Yet, in another area (coronary vessels) where histamine also causes vaso- 
constriction, epinephrine does cause vasodilation (3). Since the above studies 
were performed on isolated pulmonary vessels, it seemed advisable to investi- 
gate the antagonistic relationships in animals with intact circulatory systems. 

Methods. Cats were selected as the test animal since histamine produces pulmonary 
constriction in most of them (4, 5). The animals were narcotized with pentobarbital- 
sodium. The chest was opened and the pulmonary vessels evposed using a technique 
similar to that described by Johnson, Hamilton, Katz and Weinstein (6). Cannulae con- 
nected to Hamilton manometers were inserted into a branch of the pulmonary artery, 
into a branch of the pulmonary vein, and into the carotid artery. Simultaneous recordings 
of the pulmonary arterial and pulmonary venous pressures allowed passive rises to be 
differentiated from active rises. A passive rise from back pressure from the left ventricle 
ttould elevate both the pulmonary venous and the pulmonary arterial pressure. On the 
other hand any increased resistance in the lung vessels would elevate the pulmonary arterial 
pressure and have no effect or slightly reduce the pulmonary venous pressure. 

Results. In cats as previously reported (4) intravenous injections of hista- 
mine lowered tlie systemic and increased the pulmonary arterial pressure, see 
fig. 1. As previously reported from this laboratory (5) histamine increases the 
pulmonary' peripheral resistance as shown 1) by the larger pressure gradient 
between the pulmonary artery' and vein and 2) by the slower rate of pressure 
descent during diastole at any given pressure. The large pulmonary pulse 
pressure also indicates that the pulmonary' arterial “'Windkessel” is reduced in 
size by histamine. An increase in the pulmonary' peripheral resistance and a re- 
duction in the pulmonary “Windkessel” indicates constriction of both the pul- 
monary arteries and arterioles and possibly the venules. 

In one of three animals histamine slowed the heart from 192 to 120 beats per 
minute, sec fig. 1. Atropine abolished this cardiac slowing. At first glance it 
might appear that the increase in systemic pulse pressure was responsible for the 
cardiac slowing. However, this is not the case since the slowing persisted even 
after the systemic puke pressure returned to the pre-injection amplitude. It 
apparently did not roult from inadequate coronary flow since evidence of cardiac 

1 Aided by a grant from Kli Lilly and Company. 

79 



78 


HARRIET M MALING AND OTTO KRYYER 


alkaloids have a positive inotropic action which leads to an increase of the work 
of the heart, particularly in experimental heart failure. In large enough doses 
all the alkaloids lead to changes in heart rate and to irregulanties of rhythm 
Our data indicate that nor-cassaidine and cassaine have a larger ratio between 
the minimal irregulaiity dose and the minimal positive inotropic dose than 
coumingine 

Erythrophleic acid is devoid of any characteristic action upon the heart m a 
dose more than 100 times larger than the minimal positive inotropic dose of 
erythrophleme sulfate 
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Large parasympatholytic doses of atropine did not counteract either the sys- 
temic depressor or the pulmonary pressor actions of histamine, see fig. 2. How - 
ever, after atropine, the pulmonary pressure rise from histamine developed 
somewhat more slowly. This conceivably could originate from partial inter- 
ference with the constricting action of histamine upon the artenes while the 
arterioles were unaffected by the atropine. 







f WHKWt". Vr ^ * * **** 



1 2 Pressure pulses from cat which had received 30 mgin /hgm of pentobarbital- 
eodium mtraperuoneally Tracings similar to those of fig 1 except pulmonary venous 
records^ were omitted \l both signals 0 25 mgm /kgm of histamine phosphate was in- 
jected intravenous!} Twentv minutes clapped between the upper and lower records 
i ive minutob prior to start of lower record 2 5 mgm /kgm of atropine sulfate was injected 
intravenous!} .vote that the previous injection 0 f atropine failed to significant! v influence 
the pressurr elicits of histamine on either the systemic or pulmonary circulatory’ systems 


The failure of atropine to counteract the pulmonary effects of histamine 
disagrees uith the observations on isolated pulmonaiv arteries. Po^ible 
explanations uhieh can he offered concern (1) tlic difference in dosages of, 
(2) the tissue- involved, and (3) the differences m species In this study the in- 
tnnenous injection uns 2.5 mgm. 'hgm. while in the isolated artery the con- 
vent rat ion wus 1 :o(XK>, whhh roughly would correspond to 200 mgm., kgm. 
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hypoxia such as irregularities and weakness were absent. The slowing could 
have originated by vagal reflex from the elevated pressures in the light heart and 
in the pulmonary artery. However, this is unlikely, since right ventricular 
pressures as great as 100 mm. of mercury have been observed in humans without 
excessive cardiac slowing (7). Evidently histamine slowed the heart through the 


« i til ft « . 




Fig. 1. From above downwards, pressure pulses from flic carotid, pulmonary artery and 
pulmonary vein of a eat which had received 25 mgm./kgm. of pentobarbital-sodium iotra- 
peritoneally. Animal received artificial respiration. Time intervals of ten seconds are 
shown on the base line. Pressure scale of carotid shows units of 50 mm. Hg, while those 
of pulmonary artery and vein show units of 10 mm. Hg. At first signal 0.25 mgm./kgm. 
of histamine phosphate was injected into the femoral vein. Xote the fall in systemic 
pressure and the rise in pulmonary arterial pressure and pulse pressure. The increase in 
the pressure gradient between the pulmonary artery and the pulmonary vein proves that 
the peripheral resistance of the pulmonary circulation had been increased by histamine. 
Forty minutes elapsed between the upper and the loner record. At the second signal the 
same dose of histamine was repeated mid at signal three 0.05 mgm./kgm. of epinephrine 
was injected into the femoral vein. Tins elevated the systemic pressures to values above 
normal hut failed to have any significant cllect on the elevated pulmonary pressures. 


cholinergic mechanism hut it is possible that the large pulmonary pulse pressure 
of 50 mm. of mercury contributed to the slowing. 

Epinephrine completely eliminated the systemic depressor effects of histamine 
hut failed to eliminate the pres-or action of histamine on the pulmonary circu- 
lation, sec fig. 1 signal 3. 
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During the course of an investigation of the pharmacology of a series of 
p-n-alkyloxyphenylethylamines, it was noted that certain members of this 
series either greatly depressed or completely abolished the normal inhibitor}' 
action of the vagus on the heart. They had also an inhibitor}' action on iso- 
lated smooth muscle. 

Some of these properties might have been anticipated from their structural 
relationships to other substances possessing similar properties. 


0(CH 2 ) n CH 3 

o 

V 

CH,.CH : .NH 2 
p-n -alkyl oxypheny let hylamines 

OH 


CH 3 


CH.-CH.-N 


/ 


\ 


CH-, 


Hordenine 


OH 

/\ 


CH 2 -CH;.NH ; 

Tyramine 

OCH, 

CHjOr^OCH^ 




CH : . CH : -NH: 


Mescaline 


CH(OH)-CH 

\ 


NH-CHj 


CH, 


Ephedrinc 

Thus, as long ago as 101 Q Dale, Laidlaw and Symons (1) showed that hordenine 
methiodide in common with tropine and nicotine po-.sc.sses the property of de- 
pressing the action of the vagus on the heart. Mescaline, which is trimeth- 
oxyphenylethylamine, has hcen found by Ravmond-IIanict (2) to act sim- 
ilarly. The latter author has also shown (3) that tyramine, which may Ire 



82 


ROBERT A. WOODBURY 


This stud}' on cats concerns the entire pulmonary system including the arterioles 
whereas the isolated organ studies dealt only with small pulmonary arteries 
isolated from the rest of the rabbit. 

CONCLUSIONS 

In cats, epinephrine in doses sufficient to overcome the systemic depressor 
effects of histamine has little or no influence on the elevated pulmonary pressures 
from histamine. Large parasympatholytic doses of atropine do not counteract 
the systemic depressor nor the pulmonary pressor effects of histamine. 
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rat and excised intestine from the rabbit failed to respond to the action of any of 
the common stimulants. This phenomenon was observed in the case of the 
substances tabulated below: 


CAT ) 

RABBIT 

RAT 

GUINEA PIG 

Pituitary extract 

Acetyl choline 

Barium chloride 

Adrenaline 

Ergotoxine 

Histamine 

Pituitary extract 
Tyramine 

Acetyl choline 

Pituitary extract 
Acetyl choline 
Barium chloride 

Tyramine 

Histamine 
! Ergot 

Acetyl choline 
Pituitary extract 


In all our experiments on isolated tissue we used an isolated organ bath 
similar in type to that described by Burn and Dale (11). The uterine tissue was 
suspended in Ringer solution made up according to the formula of the same 
authors (loc.cit.) whilst intestinal tissue was immersed in Tyrode solution. 

The procedure followed in all cases was to obtain a submaximal contraction 
with the stimulant under examination and then, after changing the Ringer 
solution, to add a known amount of the alkyloxy derivative and to allow it to 
act upon the muscle for a definite period, usually 5 minutes. This period was 
selected because it was found to be suitable in the ergot oxine-adrenaline reversal 
experiments on the rabbit uterus described by Broom and Clark (12). Without 
changing the Ringer solution, the original concentration of stimulant was then 
added to the bath and the presence or absence of a response observed. Finally, 
the Ringer solution was changed and the dose of stimulant originally used was 
repeated. In the case of the lower members of the series, the magnitude of the 
response was now equal to that obtained before the alkyloxy derivative was 
added. With the higher members however, several changes of Ringer were 
sometimes necessary before the norma! response was obtained. A typical 
result is shown in fig. 1. 

The uteri of the guinea pig, cat and rabbit were all stimulated by the methoxy 
and ethoxy derivatives and it was impossible to study their inhibitory action on 
these tissues because they were still contracted at the time when the stimulant 
being studied should have been added to the bath. Contrary to the observations 
of Epstein, Gunn and Yirdcn (20) who recorded that the methoxy compound 
stimulated smooth muscle directly in rodents we found that both the methoxy 
and ethoxy compounds failed to stimulate the uterus of the rat and this tissue 
was used to determine to what extent they were able to exercise the same inhibi- 
tory action as the higher members of the series. 

pounds, however, failed to stimulate the uterus of the rat and this tissue was 
used to determine to "hat extent they were able to exercise tbe same inhibi- 
tory action ns the higher members of the series. 

1 hat they do to some extent possess this property is seen from fig. 2 which 
illustrates on the rat uterus, the partial inhibition of acotvl choline bv p-n- 
etlioxyplienyletbylamine. 
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regarded as the parent substance of all these compounds, depresses the excit- 
ability of the cardiac fibres of the vagus. 

Curtis (4) has reported that the presence of ephedrine in an isolated organ bath 
containing a strip of intestine prevents a subsequent dose of adrenaline from 
producing its normal inhibitory effect. This observation has been confirmed by 
Finkleman (5) who has also shown that, in the presence of ephedrine, sym- 
pathetic stimulation fails to produce intestinal inhibition. Reintz (6) found that 
low concentrations of ephedrine increased the effect of adrenaline on the rabbit 
uterus, but high concentrations diminished or abolished it. 

The p-n-alkyloxyphenylethylamines also reduce and sometimes abolish the 
pressor action of adrenaline, and, in this case also, a closely related series of 
compounds has been found to possess similar properties. Thus Levy and his 
co-workers (7, S and 9) described a number of phenoxyphenylethylamine deriv- 
atives of the types of CsHjO-CHr CH..-NRR, and CH 3 0-C 6 H 4 -0-CH.- 
CILNRRi and found that they suppress or reverse certain of the pharmaco- 
logical effects of adrenaline. The actual results obtained varied with the animal 
used. They found for instance, that whilst many of these substances would 
reverse the hypertensive action of adrenaline in the dog, they failed to do so in 
the rabbit. Similar inhibitory properties have also been ascribed by Raymond- 
Hamet. (10) to p-hydroxyphenylethj'ldimethylamine (Hordenine), phenyl- 
ethyldimethylamine and phcnylethyldicthylamine. 

Experimental. The following eight members of the series of p-n-alkyl- 
oxyphenylethylamines have been examined. 

0{CH 2 )nCH 3 


A 



CH-.CH.-NH. 

p-methoxyphenylethylamine hydrochloride n = 0 
p-ethoxyphenylethylamine hydrochloride n = 1 


p-n-propoxyphenylethylamine lactate n = 2 

p-n-butoxyphenylethylamine lactate n = 3 

p-n-amyloxyphenylethylamine lactate n = 4 

p-n-hexoxyphenylethylamine lactate n = 5 

p-n-heptoxyphenylethyJamine lactate n = G 

p-n-nonoxyphenylethylamine lactate n = S 


They are all derivatives of tvramine, in which substitution has been effected 
in the hydroxyl group and, in each case, the normal alkyloxy derivative has 
been prepared. The hydrochlorides of the two lowest members of the scries 
were used but, on account of their increased solubility, the lactates of the higher 
members were found to be more suitable for pharmacological examination. 

Inhibitory action on isolated tissue. Experiments on isolated uterine 
muscle revealed the fact that, in the presence of members of this scries of p-n- 
alkyloxyphenylethylamines, excised uteri from the rabbit, guinea pig, cat and 
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Table 1 shows the concentrations of p-n-butoxyphenylethylamine which will 
inhibit the action of specified concentrations of various drugs. Table 2 gives 
the concentration-of each member of the p-n-alkyloxyphenylethylamine series 

TABLE 1 


Minimum concentration of -p-n-alkyloxyphenylcthylamines necessary to desensitize the uterus 
to the action of smooth muscle stimulants 


TREPANATION 

CON'CEKTRATIOV OF 
p-n~ BCTOXV 
PITEVYlXTHYLAmVE 

ABOLISHES ACTION' OF 


Rat uterus 

1:10,000 

1:20,000 

Pituitary e\t. 1 unit:5000 


Guinea pig uterus 


Pituitary ext. 1 unit:3300 

Histamine 1:36M 

Ext. ergot, liq. B P. ’14 1:500 

Acetyl choline 1:2M 

Tyramine 1:20,000 


Rabbit uterus 

1 B 
■ 

1 ' 

B EE 

Acetyl choline 1:1M 

Histamine 1:1M 

Tyramine 1:20,000 

Pituitary ext. 1 unit:500 

Adrenaline 1:1M 

Ergotoxine 1:2. CM 



1. The concentrations of p-n-butoxyphenylcthylaminc given in the second column are 
not necessarily the lowest which will inhibit the concentration of the substances listed in 
the last column, but arc the lowest concentrations used in our experiments which produced 
the effect recorded. 

2 The concentrations given in the table represent the final concentrations in the iso- 
lated organ bath. 


TABLE 2 


Concentration of p-n-alkyloxyphenylcthylamines necessary to inhibit tyramine 1:20,000 
on the guinea pig uterus 


t>FRI\ AT1VE 

M1NIMLM FFFFCTXVE 


CONCENTRATION' Of fi-tl AIAYLOXV- 

INHIBITING EFFICIENCY FICTOR 


ritENYLFTHYLAMlVES 

Ethoxy . . . 

1:2,000 

0.05 

l'ropoxy 

1:10,000 

0.25 

Butnxy 

1:40,000 

1 

tmjloxy 

1:80,000 

o 

liexoxy , . 

1:120,000 

3 

Hcptuxy 

1:100,000 

2.5 

Nonovy 

1:50,000 

1 25 


lim itary to prevent the action on the isolated guinea pig uterus of tvnunine in a 

concentration of 1:20,000. 

It possible with the aid of tables 1 and 2, to calculate the approximate eon- 
t i»n t nit ion of any member of the alkylovy series which will with certainty inhibit 













Yw. 1. Snows Ishibjtorv Effects of p-;i-BrTOXvriiE.\i%ETHVLAMixE ox the 
Co.vtract/o.v of the Gitxea-Pig’s Ctehi's IiVpfCEO n \ Histamine 



Fig. 2. Snows the Pahtiae I.sTtimTonv Effect of Ethoxvphesvi.ethveamis'e os 
the Costractio s of the Hat’-. I'tercs I.nticced nr Acetve Chouse 

SO 
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therefore chosen for these experiments. It was found that the addition of a 
solution of tyramine acid phosphate to bring the concentration of iyramine base 
in the isolated organ bath to 1 : 1000 abolished the action of acetyl choline 1 :2M, 
pituitary extract 1 international unit in 2,500 and almost completely abolished 
the effect of barium chloride 1:5000 (fig. 5). On the other hand, tyramine in 



Fig. 4. Snows the Lack of Inhibitory 'Effect of Butoxyphe.nyleihylamine on 
the Relaxation of the Rat’s Uteres Induced by Adrenaline 
Tlic same concentractions were used ns in fig 3 



1 he 5. Shows the Inhibitory Efifct of Tyramine on the Contraction of the Rat’s 
Uterus Induced by Barium Chloride 

this same concentration did not influence the inhibitory effect of adrenaline 
1 :5M (fig, 0). 

It would seem therefore, that, provided a sufficiently high concentration is 
mod, tyramine as well as its alkyl ethers, can render isolated tissue insensitive 
to the action of all substances giving motor effects, although in the concentra- 
tions used in our experiments, it is unable to inhibit the action of adrenaline on 
tissues which respond by lclaxation. 
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the effect of a given concentration of any of the substances listed in column 3 of 
table 1. This is determined by multiplying the concentration of the butoxy 
derivative (from table 1 ) which will produce the desired effect, by the inhibitory 
efficiency factor (from table 2) of the alkyloxy derivative which it is proposed to 
use. For example, to inhibit the action of histamine 1:IM on the rabbit uterus 
with p-n-hepto.xyphenylethylamine it would be necessary to use a concentration 
of 1:5,000 X 2.5 = 1:12,500. 

The inhibitory effects just described were of a very transient nature, being 
much less prolonged than the effect of ergotoxine on the rabbit uterus. In most 
cases a normal response to drags was obtained in less than 5 minutes after the 
Ringer solution had been changed. There was, however, more delay when the 
higher members of the series were used. This is probably because the higher 
members are precipitated in serum and saline. Precipitation also occurs in the 
isolated organ bath, and hence it is more difficult to wash the suspended tissue 



Fic. 3. Shows the Inhibitory Effect of Butoxypiienyletrylamzne on the 
Contraction of the Babbit’s Uterus Induced by Adrenaline 

free from precipitated particles of the higher members, than to remove the lower 
members which are completely soluble in Ringer solution. 

Relation of the p-n -a lk y lox yph en yleth y la m i n es to the action of 
adrenaline on the UTEnps. Adrenaline contracts the rabbit uterus, but pro- 
duces relaxation in the uterus of the non-pregnant cat, guinea pig and rat. Our 
experiments showed that members of the p-n-alkyloxyphenylethvlamine series 
would inhibit the effect of adrenaline on the rabbit uterus which responds by 
contraction but had no such effect on the uteri of cat, guinea pig or rat, which are 
inhibited by adrenaline. This is seen from fig. 3 , which shows the complete 
suppression of the action of adrenaline I:4M on the rabbit uterus by p-n- 
butoxyphenyletbylamine in a concentration of 1:2,500 and fig. 4 in which the 
same dose of the butoxy derivative fails to abolish the effect of adrenaline 1 :400M 
on the rat uterus. 

Inhibitory properties of tyramine. In view of the chemical relationship 
between tyramine and the p-n-alkyloxyphenvlethylamines, it appeared of 
interest to study its inhibitory properties in a similar manner. Tyramine con- 
tracts practically all isolated tissues except that of the rat uterus, which was 
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efcre chosen for these experiments. It vas found that the addition of a 
tfon of tvraraine acid phosphate to bring the concentration o: tyraaaine base 
«■ isolated organ bath to 1 : 1COO abolished the action of acetyl choline 1 :2M. 
itary extract 1 international unit in 2.500 and almost completely abolished 
effect cf barium chloride 1:5000 *Sn. 5i. On the other hand, tyramine in 
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tins same concentration did not influence the inhibitory effect of adrenaline 
ItoM ( fig. 6;. 

It Tonlo seem therefore, that, provided a sufficiently high concentration is 
usen. tyramme as veil as its alkyl ethers, can render isolated tissue insensitive 
<.o the action o; ail substances giving motor effects, although in the cor. rent re - 
■tom used in our experiments, it is unable to inhibit the action of adrenaline on 
ttsues vhieh respond bv relaxation. 
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Fin. 0. Shows thf: Lack of Inhibitory Effect of Tyuavi.ve on the Relaxation of 
the Rat’s Uteres Induced by Adrenaline 
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Effect of chemical structure ok inhibitory activity. The gradual 
change in activity as one proceeds from member to member of this series, is 
well illustrated by the different inhibitory activities of the ethoxy and propoxy 
derivatives against tyramine on the guinea pig uterus. Fig. 7 shows that, whilst 
the ethoxy derivative in a concentration of 1 : 10,000 fails to inhibit the action of 
tyramine 1:20,000, the same concentration of the propoxy derivative produces 
complete inhibition. Table 2 expresses the same effect quantitatively and shows 
the minimum concentrations of the individual members necessary to inhibit 
the stimulant action of tyramine 1:20,000. It will be seen that the activity 
increases with increase in the length of the alkyloxy side chain, until peak 
activity is reached with the hexoxy derivative, after which a decline in activity 
occurs. The methoxy derivative is not included in this series because this type of 
experiment cannot be carried out with this member on the guinea pig uterus 
owing to its great and prolonged stimulant action. 

Mechanism of inhibitory action on isolated tissue. It appeared that 
the property possessed by tyramine and the p-n-alkyloxyphenylethjiamines of 
suppressing the action of common stimulants might he due to any one of three 
causes. 

1. An associated anaesthetic property of the inhibitant. 

2. Chemical reaction between the inhibitant and stimulant. 

3. The property of the inhibitant of blocking the approach of the stimulant 

to the effector muscle cells. 

The possibility that the inhibitory properties just described might be associated 
with a general anaesthetic action of the alkyloxy derivative was suggested by the 
work of Lieb and Mulinos (13) confirmed by Garry (14) who showed that the 
anaesthetic amytal causes a prolonged but temporary inhibition of vagal action 
on the heart and reduces the motility of the intestine. Similar results were ob- 
tained by Hauschild and Lendle (15) who showed that the adrenaline reversal by 
ergotoxine is abolished by narcotics which they suggest alter the response of the 
end organ. 

Experiments in which doses up to 100 mgm./kgm. of the butoxy compound 
were injected intraperitoneally into rats, show'ed that this particular member of 
the alkyloxy series did not possess any general anaesthetic properties. Similarly, 
experiments in which the same compound was instilled into the rabbits cornea 
failed to indicate any local anaesthetic activity. 

The possibility that the inhibitor}' effect of these substances might be caused 
by the formation of an inactive chemical compound between the alkyloxy 
derivative and the stimulant was next considered. This, however, seemed im- 
probable on chemical grounds since it would be very unlikely that the alkyloxy 
compounds would combine with such diverse substances as acetyl choline, the 
constituents of ergot, adrenaline and barium chloride. 

The most likely explanation therefore seemed to be that the p-n-alkyloxy- 
phenylethylamines attach themselves to some portion of the cell structure respon- 
sible for contraction thereby blocking the approach of a subsequently added 
stimulant. 
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Our experiments also showed that, whilst these substances inhibited the action 
of drugs which produce a contraction of smooth muscle, they fail to inhibit the 
action of drugs (e.g. adrenaline) which produce relaxation of smooth muscle. 

It appeared of interest to investigate this point further and see if, irrespective 
of the type of stimulant substance used; the same concentration of one of the 
alkyloxy derivatives would inhibit a certain stimulant effect (as indicated by 
the height of the contraction) on a muscle such as the isolated uterus. 



Fio. 8. Snows That Equicontkactile Doses of Acetyl Choline and Barium Chloride 
Are Inhibited by the Same Concentration of BuTOXYriiEXYLETiirLAMiNE 

The minimum effective concentrations of acetyl choline and barium chloride on 
a particular strip of rat uterus were determined. These were found to be acetyl 
choline 1:3 X 10* and barium chloride 1 : 10,000. The minimum concentrations 
of p-n-bu t oxyph e ny 1 e thy 1 am i n c which would suppress the effect of these con- 
centrations of acetyl choline and barium chloride were then determined. These 
were found to be the same viz: 1 : 10,000. These results arc shown in fig. 8. 

On this same strip of rats uterus it was observed that the minimum effective 
concentration of adrenaline was 1:400M and that the relaxation produced by 
this concentration was not suppressed by the butoxy derivative in a concen- 
tration of 1 :2,500 i.c. 4 times the concentration necessary to suppress the action 
of the minimum effective concentrations of acetyl choline and barium chloride 
(fig. 4). 
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It appears therefore that the concentration of alkyloxy derivative necessary 
to inhibit a given motor effect is dependent on the magnitude of the effect not 
on the substance producing it, and further, that it is not possible to influence an 
inhibitor effect in the same way even when much greater concentrations are used. 

Inhibitory effects on the intact animal. In view of the results obtained 
with these compounds on isolated tissue, we were interested to determine whether 
they possessed similar inhibitory' properties when injected intravenously into 
the intact animal. 

Uterus in situ. In these experiments both cats and rabbits were used. The 
animals were first anaesthetized, cats with chloralose (5 cc./kgm. saturated 
solution at 37°C. intravenously) and rabbits with dial (0.7 cc./kgm. 10 p.c. 
solution intraperitoneally). The anaesthetized animal was tied down to a 
special board, tracheotomy was performed and jugular and carotid cannulas 
inserted. The board and animal were then placed in an electrically heated bath 
containing physiological saline thermostatically controlled at 39°C. The 
abdomen was opened and the two levers of a Cushny myocardiograph were 
attached to a short length of uterus. The free lever was then attached by a 
thread to a writing lever, the carotid cannula attached to the manometer and the 
jugular cannula to the injection burette. The animal was then ready for 
experiment. 

In none of our experiments did we observe any inhibitory effects on the cat 
or rabbit uterus in situ similar to those obtained on the isolated organ. 

We were also unable to cause relaxation of a uterus already contracted by an 
injection of pituitary extract even when as much as 20 mgm. of the butoxy 
derivative was administered. 

Influence on pressor action of adrenaline. It was noted in the case of 
the rabbit that the pressor response to a small dose of adrenaline injected 5-30 
minutes after a large dose of the higher members of the alkyloxy series, was 
considerably greater than that produced by 7 the same dose of adrenaline injected 
prior to the alkyloxy compound. This effect began about 5-10 minutes after 
the injection of the alkyloxy derivative and persisted for some 10-20 minutes, 
after which a normal response was obtained. 

It had already been observed in experiments to be described later, that 
large doses of these compounds suppress the cardiac inhibitory action of the 
vagus and it was thought that the augmented pressor response to adrenaline 
after an alkyloxy derivative might be due to this action. It seemed possible 
that after their injection the vagal compensatory mechanism was unable to 
respond by cardiac slowing to a high blood pressure, and consequently the pressor 
response to adrenaline was increased. This, however, proved not to be the case 
for, even in animals in which both vagi were cut, the pressor response to adren- 
aline was increased by a previously injected large dose of an alkyloxy derivative. 

This is illustrated in fig. 9. 

Although the augmentation of the response to adrenaline was frequently seen 
in the case of the rabbit it was never seen when the cat was the experimental 
animal. 
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I. 10. RABBIT. SflOTVB THE REDUCTION IN VAGAL RESPONSE AFTER HePTOXY niENYLETHYLAMINK UNACCOMPANIED 
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This period of increased sensitivity to adrenaline was of short duration and 
was in some cases succeeded by a period of reduced sensitivity. This point is 
also illustrated in fig. 9. The period of inhibition was noticed in both rabbits 
and cats although it did not occur in all our experiments. 

Action on the vagus. With the exception of the methoxy compound, all 
the members of the series were found to inhibit the fall in blood pressure due to 
stimulation of the peripheral end of the vagus in both the rabbit and the cat. 

It was found that this inhibitory action on the vagus increased with increasing 
molecular weight. Thus whilst 20 mgm./kgm. of the ethoxy derivative only 
partially inhibited the effect of vagal stimulation, complete inhibition followed 
the intravenous injection of 1.9 mgm./kgm. of the heptoxy derivative. 

Influence on hypotensive action of acetyl choline. Since it is generally 
accepted that acetyl choline is released when cholinergic nerves are stimulated 
it was decided to investigate the action of these substances on the depressor 
effects of acetyl choline. As the p-n-alkyloxyphenyletbylamines both suppress 
the effects of electrical stimulation of the cardiac fibres of the vagus and inhibit 
the effect of acetyl choline on isolated tissue, it was expected that they would 
also influence the hypotensive action of acetyl choline. 

Experiment showed, however, that they had no marked effect on the depressor 
response to acetyl choline even in an animal in which they had completely de- 
sensitized the cardiac inhibitory fibres of the vagus. This is seen in fig. 10 
which shows a typical reduction in the vagal response of the rabbit without a 
corresponding reduction in the hypotensive action of acetyl choline. 

In this connection, it should be remembered that the circulatory changes 
produced by acetyl choline are due, in varying degree, to its action on the vessels 
themselves and on the heart, and that, of these, peripheral vasodilation is the 
principal cause of its depressor action. Whilst it appeared possible that these 
substances might be able to abolish the cardiac inhibitory action of acetyl cho- 
line, there was no evidence to suggest that they might affect its peripheral vascu- 
lar action. This being so, one would expect the alkyloxy derivatives to affect 
only slightly the depressor action of acetyl choline because its vasodilator action 
would, almost certainly, tend to mask any inhibition of its cardiac action. 

That the apparent anomalous behaviour of acetyl choline could be explained 
in this way was shown by the following experiment. 

A cat was arranged for recording blood pressure and a G’ushny myocardio- 
graph was attached to the right ventricle of the heart, p-n-butoxyphenyl- 
ethylamine was then injected into the jugular vein until the cardiac inhibitory 
action of the vagus was abolished. To do this one dose of about 20 and two 
doses of 10 mgm. were necessary. When the vagal action was completely 
abolished it was noted that acetyl choline failed to cause any change in either 
the rate or the amplitude of the heart beat, although it still produced a consid- 
erable, although slightly reduced, fall in blood pressure. When the full vagal 
icsponse returned, acetyl choline produced the normal reduction in amplitude 
and slowing of the heart and a slightly greater fall in blood pressure. 

The actual results obtained are shown in fig. II, the last dose of p-n-butoxy- 
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phenylethylamine being injected 1| minutes before the first vagus stimu- 
lation shown on the portion of the tracing reproduced. 

In a subsequent experiment in which the change in leg volume was observed 
by means of a plethysmograph it was noted that, whereas acetyl choline had no 
cardiac action in a cat whose vagus had been paralyzed with p-n-butoxyphenyl- 
ethylamine, the usual peripheral vasodilation took place. 

Discussion. The alkyloxyphenylamines were found to potentiate the pressor 
effect of adrenaline in the rabbit and sometimes this was followed by a period of 
reduced sensitivity to adrenaline. In this respect they resemble ephedrine. 
Gaddum (16) has suggested that ephedrine protects the adrenaline-like sub- 
stance-produced at adrenergic nerve endings by inhibiting the enzyme amine 
oxidase which normally destroys it. Larger doses of ephedrine may, however, 
block the muscle receptors and prevent adrenaline from acting. This suggestion 
arose out of the observations of Blaschko et al. (17) who showed that ephedrine 
is not destroyed by amine oxidase but in the presence of ephedrine the enzyme is 
prevented from destroying adrenaline. It is of interest, therefore, that Blaschko 
(personal communication) has shown that the alkyloxyphenylethylamines act 
as inhibitors of amine oxidase and it seems probable that they influence the 
pressor action of adrenaline through a mechanism similar to that of ephedrine. 

The inhibitory effects of the alkyloxy compounds on isolated tissue cannot, 
however, be explained so simply. The same dose of one of these substances 
uill inhibit the action of equi-contractile doses of all substances giving a motor 
effect, i.e., not only adrenaline but substances such as posterior pituitary ex- 
tract and barium chloride. On the other hand, on those tissues in which adren- 
aline produces relaxation, this response is not affected by an alkyloxy derivative 
even in high concentrations. Clark (18) has pointed out that too sweeping 
deductions should not be made from a study of drug antagonisms. It seems 
probable, however, that all drugs act directly on the effector cells without the 
intervention of any intermediary mechanisms, but, to explain why the same sub- 
stance may give in some tissues contraction and in others relaxation Loewi (19) 
suggests that differentiation may occur within the cell. This differentiation, 
which may be physiochemical rather than morphological, may conceivably 
take place in two directions, and the extent to which the cell is differentiated in 
one direction more than the other will determine whether a given tissue will 
respond to a particular drug by relaxation or contraction. The behavior of the 
alkyloxy derivatives in inhibiting the action of a substance on a tissue in which 
it causes contraction, and failing to do so on another tissue in which it produces 
relaxation can easily be explained on the basis of such a hypothesis. It must 
be assumed, however, that the alkyloxy derivatives attach themselves to that 
portion of the cell structure responsible for tissue contraction thereby blocking 
the approach of other substances which now fail to produce their normal response. 
Further it would appear that they do not attach themselves to that portion of 
the cell structure responsible for tissue relaxation, and consequently their 
presence in the cell does not influence the action of drugs producing relaxation. 
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SUMMARY 

1. Eight members of a homologous series of p-n-alkyloxyphenylethylamines 
have been examined and found to inhibit the action of certain drugs both on 
isolated smooth muscle and in the intact animal. 

2. This inhibitory action has been studied on excised uteri from the rabbit, 
guinea pig, cat and rat and on the excised intestine from the rabbit. 

It has been shown that the presence of a' member of the p-n-alkyloxyphenyl- 
ethylamine series in the isolated organ bath inhibits the action on smooth muscle 
of all the substances examined which produce a contraction of smooth muscle. 
The behaviour of these substances in relation to adrenaline is peculiar in that 
they inhibit its action on the uterus of the rabbit, where it causes the muscle to 
contract, but have no action on the uterus of the cat, guinea pig and rat, which 
are relaxed by adrenaline. 

3. It is demonstrated that this inhibitory' activity increases with increase in 
the length of the alkyloxy side chain until peak activity is reached with the 
hexoxy derivative after which a decline in activity occurs. 

4. It is also shown that tyramine, as well as its alkyl ethers, can render isolated 
smooth muscle insensitive to the action of drugs which normally produce a con- 
traction, but in the concentrations used in these experiments, tyramine fails 
to inhibit the action of adrenaline on tissues which respond by relaxation. 

5. The inhibitoiy action of members of the alkyloxy series on smooth muscle is 
only observed on isolated tissue and their injection into the intact animal fails 
to influence the response of the uterus and intestine in situ to smooth muscle 
stimulants. 

6. Members of the alkyloxy series inhibit the action of the vagus and acetyl 
choline on the heart, although they do not affect the peripheral vasodilatation 
caused by acetyl choline. 

7. In the intact rabbit the members of the alkyloxy series sensitize the animal 
to the action of adrenaline. This effect soon passes off, and is sometimes 
followed by a period of reduced sensitivity. These substances do not sensitize 
the cat to adrenaline although the period of reduced sensitivity to adrenaline 
already referred to in the case of the rabbit, is also frequently seen with the cat. 

8. The mechanism of the inhibitory' action of the p-n-alkyloxyphenylethyl- 
amine on smooth muscle is discussed. 

The authors wish to express their gratitude to Messrs. Boots Pure Drug Co. 
Ltd., who supplied the compounds used in this investigation. 
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Several attempts to determine the minimal lethal dose of certain cardiac 
glycosides for the cat heart -lung preparation have been made (1, 2, 3, 4); the 
average value of the minimal lethal dose (M.L.D.) of g-strophanthin, as de- 
termined by these investigators, varied between 1.5 and 2.6 microgroms per gram 
of cat heart. In all of these investigations the duration of the experiment did 
not exceed 50 minutes. Rothlin (3) has shown that when the experimental 
time was 30-40 minutes, the lethal dose (L.D.) of digitoxin was 10.5 mierograms, 
while an extension of this time to 80-90 minutes reduced the L.D. to 6.9 micro- 
grams of digitoxin per gram of cat heart. In the intact animal a reduction of the 
rate of inflow of digitalis glycosides produced a prolongation of the experimental 
time and a reduction in the L.D. (5, 6). It is clear that the L.D. of cardioactive 
glycosides determined during short experimental periods or with high rates of 
administration cannot be the true M.L.D. So far as we know, no attempt has 
been made to establish the exact experimental conditions under which the true 
M.L.D. of cardiac glycosides may be determined on the heart-lung preparation 
(H.L.P.) 

To determine the M.L.D. of a cardiac glycoside in the intact animal, two 
methods have been applied. The method used by Fromherz and Welsch (7) 
frequently needed observation periods exceeding 24 hours and was considered 
unsuitable for our purposes, since, even under the most favorable conditions, the 
life of the H.L.P. does not exceed 8-9 hours. Lendle (4), Mehnert (5) and Herre 
(8) used a method first introduced by Hauptstein (9). The characteristic 
feature of this method is the slow continuous infusion of the cardiac glycoside 
by means of a constant infusion pump. It was observed that when rates of 
administration were rapid, death would occur quickly and the L.D. would be 
high. When the rates of infusion were very slow, the L.D. would reach a value 
whereafter any further decrease of the rate of administration would merely 
lengthen the experimental time without any further lowering of the L.D. This 
value of the L.D. was considered to be the M.L.D. and the values obtained by 
this constant infusion method agree fairly well with those determined by the 
"timeless” method of Fromherz and Welsch (5). We have used the constant 
infusion method, since the M.L.D. could be determined within the period of 
viability of the dog H.L.P.; also, with this method, any destruction of cardio- 
active glycosides by the H.L.P. would be revealed by a gradual rise in the M.L.D. 
when the rate of administration of the drug was very slow (Hauptstein (9)). 

1 Present address: Department of Pharmacology, Harvard Medical School, 25 Shnttuck 
Street, Boston, Massachusetts. 
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keep the ventricles beating until idioventricular rhythm set in, which in turn was followed 
by the characteristic fibrillation. Since mechanical stimulation was not very satisfactory', 
we employed 20 microgram doses of adrenaline to overcome this period of stoppage; in most 
instances only two and rarely three such doses were necessary. 

In a series of experiments to be published later it wall be shown that such amounts of 
adrenaline have no effect on cither the M.L.D. or the average rate of uptake of g-strophaa- 
tbin in the H.L.P. of the dog. Furthermore, from the data in table 1, it can be Been that 
adrenaline did not effect the M.L.D. of g-strophanthin, since in the experiments where 
adrenaline had to be used (exp. No. 18,21,23,25,26) the M.L.D. was 1.214 micrograms while 
in those experiments where adrenaline was not used (exp. No. 19, 20, 22, 24) the M.L.D. was 
1.173 micrograms g-strophanthin per gram of heart. 

When the experimental period exceeded 150 minutes, many of the hearts showed a marked 
infiltration of blood into the ventricular muscle, which was most apparent in the left ven- 
tricle and the apex of the heart. As a result of this infiltration, the heart weight was dis- 
proportionately high, and was corrected by approximating the true weight from the normal 
ratio of heart weight to body weight. In 38 dogs thiB ratio averaged 0.84 with a minimum 
and maximum of 0.58 and 1.12 respectively. Thus multiplying the body weight in kilograms 
by the factor 8.4 gave the approximate normal heart weight in grams. 

Wood and Moe (14) have shown that in the H.L.P. edema of the heart seriously effects 
the determination of the heart weight. Furthermore they have shown that no accurate 
predicition of heart weight can be made from any formulae relating heart weight to body 
weight. According to Wood and Moe the only reliable method for determining heart weight 
in these preparations is by chloride space determinations, a method which unfortunately 
could not be used in the present study. 

In four control experiments the heart was allowed to beat for 4-6 hours under the condi- 
tions described above, but no drug was infused. In none of the four experiments was there 
any gross infiltration or thickening of the ventricular muscle, although small hemorrhagic 
spots were observed in the region of the papillary muscles. These lesions were much less 
severe than those observed in hearts poisoned with cardioactive glycosides, and where the 
experimental time was of similar duration. In hearts where cardioactive glycosides were 
infused, and the experimental time was short, no such infiltration could be observed and we 
conclude that this infiltrative process is caused by the cardioactive glycosides acting over a 
long period of time. The question whether this infiltrative process has any effect on the 
M.L.D. cannot be answered definitely, but in the case of g-strophanthin, hearts showing an 
infiltration had a M.L.D. of 1.184 micrograms while in those experiments where no gross 
infiltration was apparent the M.L.D. was 1.201 micrograms per gram of heart, a difference 
which is less than the experimental error. 

In some of the longer experiments there was a loss of circulating blood due to the develop- 
ment of edema of the lungs, but by using undiluted defibrinated blood only, and by keeping 
the inflation of the lungs at the smallest volume still compatible with a proper oxygenation 
of the blood, this edema was minimized. All experiments where the fluid loss exceeded 20 
per cent of the original blood volume were discarded, excepting experiment 24 in table 2 
where a fluid loss of about 35 per cent had to be recorded. This leakage would necessarily 
affect the determination of the M.L.D., but the error is probably not very great, since in 
most experiments the fluid loss was less then 15 per cent, and usually occurred only during 
the last 20 or 30 minutes of the experiment. 

Results. The influence of the rate of administration of g-strophanthin and 
digitoxin on the L.D. has been studied on the dog H.L.P. A total of 32 experi- 
ments were performed with g-strophanthin, of which 26 were considered success- 
ful, i.e., less than 20 per cent fluid loss. Twenty four out of 31 experiments were 
considered satisfactory with digitoxin. The results and data of these experiments 
are shown in tables 1 and 2. 

The relationship between rate of administration and L.D. of g-strophanthin 
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Weese (1) has Vliorni that in the H.L.P. of the cat, the heart will extract from 
the blood any quantity of g-strophanthin less than one M.L.D., but no more 
than one M.L.D. will be extracted regardless of the excess amount of glycoside 
in the blood. On the other hand, Genuit (10) and Genuit and Eschbach (11) 
have shown that rat and guinea pig hearts perfused with Ringer solution do not 
extract strophanthin quantitatively from the perfusion fluid. As an essential 
preliminary control we performed a number of experiments with the dog H.L.P. 1 
and were able to show that the dog heart reacts in a manner similar to that of the 
cat in the quantitative uptake of glycoside. Since, regardless of the concentra- 
tion, the dog H.L.P. binds any amount of cardiac glycoside not exceeding the 
M.L.D. it is possible to determine the average rate of uptake per gram heart per 
minute by dividing the M.L.D. by the experimental time (Herre (8)). By this 
procedure the specific affinity of cardiac glycosides for the heart can be accurately 
studied, since all other organs capable of absorbing the drug have been excluded 

(D- 

In this paper we describe the influence of the rate of administration of g- 
strophanthin and digitoxin on the lethal dose, experimental time, destruction and 
rate of uptake in the H.L.P. 

Materials and .methods. The cardiac glycosides employed were crystalline g-strophan- 
thin Thoms (Merck) and crystalline digitoxin (Hoffmann La Roche 1 ). According to the 
manufacturers, g-strophanthin Thoms contains 20 per cent water of crystallization (12). 
AH values given in this paper have been calculated on the basis of anhydrous g-strophan- 
thin. Stock solutions containing 0.5 per cent g-strophanthin or digitoxin in 95 per cent 
ethyl alcohol were diluted in 0.9 per cent saline. The dilutions in saline were varied from 
1:5000 to 1:1, 000,000 for g-strophanthin, and from 1:25,000 to 1:200,000, for digitoxin. 

All constant infusions were made with a small Marriotte tube into the venous end of the 
heart-lung circuit and the rate of administration was regulated at the beginning of each 
experiment by means of a small screw clamp. All though the experiment great care was 
taken to keep the rate of inflow constant and , to this end, the number of drops of fluid infused 
per unit of time was frequently checked. The simplicity of this method of infusion does 
not detract from the accuracy of the results obtained, as a later series of experiments with 
a more elaborate method of constant infusion did not show any significant differences from 
the results described below. 

The H.L.P. was prepared by the technic of Knowlton and Starling (13), using dogs weigh- 
ing between 2.15 and 11.6 kg. Anesthesia was induced with ether and followed by 90 mg. 
per kg. of chloralose given intravenously. In each of the experiments described, all con- 
trollable factors were as follows: blood temperature, 38.9-39.2°C.; blood volume, S50-900 
cc.; resistance, 75 mm. of mercury; output of the left heart, 400-450 ce. per minute; and the 
work of the left heart, 0.65-0.72 kg.-m. per minute. The heart rate was not controllable, 
but varied between 13S-192 beats per minute. Right venous pressure varied between 2 and 
5 cm. of water. All preparations showing irregular rhythms, early insufficiency, or severe 
edema of the lungs were discarded. The end point of the experiment was the appearance of 
ventricular fibrillation, and the infusion of the drug was continued until such fibrillation 
began. 

In experiments of long duration, we occasionally observed that during the period of com- 
plete block the ventricles would beat at a rate of 5-10 beats per minute or would stop com- 
pletely. This stoppage was clearly not the end point since mechanical stimulation would 

5 Dogs were employed for our experiments because they were more easily obtained than 
cats. 

1 Kindly supplied by Hoffmann La Roche, Basel, Switzerland. 
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tiori of a L.D. of 3.44 micrograms per gram heart. The blood from this prep- 
aration, when added to a second heart, contained enough glycoside to kill the 
second preparation within a period of G4 minutes. On the other hand, the blood 
from a preparation where no overtitration had taken place did not poison the 
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The effect of the rate of administration of digi toxin on the lethal dose, rate of uptake and 
experimental time in the dog heart-lung preparation 
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heart when the blood was transferred to the second H.L.P. (Experiment 1, 
table 3). 

When the rate of administration is slow, both g-strophanthin and digitoxin 
showed a flattening of their respective curves; further reduction of the rate of 
administration did not reduce the L.D. On the basis of these experiments we 
would designate as optimal rate of administration (O.R.A.), that rate below which 
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and digitoxin has been graphically represented in figure 1. With the higher 
rates of administration employed, the L.D. is about ten times the M.L.D. Since, 
in the heart-lung system, the heart is the only organ which can bind cardioactive 

TABLE 1 


The effect of the rale of administration of g-slrophanthin on the lethal dose, rale of uptake and 
experimental lime in the dog heart-lung preparation 
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glycosides (1), these high lethal doses are due to the inability of the heart to bind 
all the drug infused. A proof that the excess glycoside is still in the blood is 
found in experiment 2 of table 3. Here an overtitration resulted in a determina- 
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heart. These minimal doses are based on the correction of the heart weight 
described under methods. 

Rothlin (3) has shown that a lengthening of the experimental time lowers the 
L.D. of digitoxin for the H.L.P. of the cat. Our results confirm and extend this 
finding for g-strophanthin and digitoxin for the dog H.L.P. (fig- 2). However, 
the lowering of the L.D. continued until an experimental time was reached, be- 
yond which any further extension did not change the L.D. Under our experi- 



Fio. 2. Dog Heart-Lvno Preparation 

The relation of experimental time to the lethal dose of g-strophantbin and digitoxin. 
(Gamma = microgram.) 

□ □ Digitoxin X X g-strophanthin 

mental conditions, the minimal experimental time needed for determining the 
M.L.D. was about 120 minutes for g-strophanthin, and 230 minutes for digitoxin. 
Weese and Rothlin did not use an experimental time greater than 90 minutes, 
and thus presumably did not determine the true M.L.D. 

Weese (1), while studying the action of scillaren on the H.L.P. of the cat, 
noticed that this substance was inactivated fairly rapidly. Any destruction of 
either g-strophanthin or digitoxin in the dog H.L.P. would manifest itself by a 
gradual rise in the M.L.D. when rates of inflow are less than the optimal. As can 
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further reduction fails to lower the L.D. This O.R.A. has a characteristic value 
for each of the two glycosides studied, and under our experimental conditions is 
about 0.012 microgram and 0.028 microgram per gram heart per minute for 
g-strophanthin and digitoxin respectively. The optimal rate of administration 
should be differentiated from the term critical rate of administration (Kritische 
Einlaufgeschwindigkeit) of Heubner and Nyary (15), since the latter denotes the 
rate of administration at which elimination and rate of administration are equal. 



Fig. 1. Dog Heart-Lung Phefakatiox 

The relation of rate of inflow of g-strophanthin and digitoxin to the lethal dose. (Gamma 
= microgram) 

□ □ Digitoxin X X g-strophanthin 

A large number of the experiments in which we tried to determine the M.L.D. 
of g-strophanthin and digitoxin had to be discarded, because prolonged ex- 
perimental time produced edema of the lungs which could neither be prevented 
nor controlled. In 12 experiments with g-strophanthin, 8 were successful, 
while with digitoxin only 4 out of 9 experiments could be considered satisfactory. 
From these successful experiments we determined an average M.L.D. of 1.184 
micrograms of g-strophanthin and 5.95 micrograms of digitoxin per gram of dog 
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can be detected, in the blood if this is transferred to a second preparation. Ex- 
periment 3 is similar to experiment 2, but the results are quantitative. To 720 
cc. of blood in the first preparation, 95 micrograms of g-strophanthin were added. 
This heart weighed 53 grams; therefore, had the M.L.D. been 1.18 micrograms, it 
should have bound 62 micrograms of g-strophanthin, thus leaving approximately 
33 micrograms unbound in the 720 cc. of blood. To a second preparation we 
added 520 cc. of the blood from the first preparation but in order to stop the 
second heart it was necessary to add an additional 54 micrograms g-strophanthin. 
The second heart weighed 69 grams, therefore its M.L.D. could be expected to 
be approximately 81.5 micrograms of g-strophanthin. Since 54 micrograms of 
the dnig were added to the blood of the second heart, it may be concluded that 

26.5 micrograms of g-strophanthin were present in the 520 cc. of blood from the 
first heart. Hence, the 720 cc. of blood from H.L.P. No. 1 must have contained 

36.5 micrograms, a value which agrees well with the calculated amount of 33 
micrograms. It may be concluded, therefore, that the dog H.L.P. is similar to 
that of the cat, in that it binds no more than one M.L.D. of g-strophanthin, 
regardless of excess concentration. 

Since, regardless of the concentration, the heart only binds an amount of 
cardioactive glycosides equal to the M.L.D., we have calculated the average 
rate of uptake by dividing the M.L.D. by the experimental time. This rate of 
uptake is the amount of glycoside bound by one gram of heart in one minute. 
It should be remembered, however, that the rate of uptake may not be the same 
during all the stages of the poisoning process. Gehlen (16), from purely math- 
ematical considerations, believes that the uptake of digitalis glycosides by the 
heart is more rapid during the earlier than during the later stages of this poisoning 
process. The binding of cardiac glycosides by the heart is a complex mechanism 
which has been divided by some investigators into an adsorptive and a chemical 
phase (17). Our term average rale of uptake is the resultant of the processes of 
transfer of the glycoside from the blood to the cardiac cells and the various re- 
actions which they undergo in the cell to produce the characteristic pharmaco- 
logical manifestations. 

In fig. 3 we have plotted the average rate of uptake against the rate of admin- 
istration. It can be seen that with a reduction in the rate of administra- 
tion, the rate of uptake decreases. At the optimal rate of administration the 
average rate of uptake equals the rate of administration. The average rate of 
uptake of digitoxin, expressed in micrograms, is higher than that of g-strophan- 
thin. If, however, the rate of uptake is expressed in per cent of the M.L.D., 
g-strophanthin has a higher rate of uptake. This is to be expected, since the 
speed of reaction of g-strophanthin is greater (1), and the M.L.D. less, than that 
of digitoxin. 

Discussion. The results of this investigation on the H.L.P. of the dog 
clearly show that, within certain limits, the L.D. of a cardioactive glycoside is 
dependent on its rate of administration. If the M.L.D. is being determined by 
continuous infusion, it is necessary to extend the experimental periods to 120 
minutes for g-strophanthin and 240 minutes for digitoxin. The high values of 
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be seen from our results there is no rise in the M.L.D. under such conditions, and 
it is likely that neither g-strophanthin nor digitoxin have been destroyed within 
the experimental periods used by us. 

A number of experiments designed to see whether the dog H.L.P. binds only 
an amount of g-strophanthin equal to the M.L.D., regardless of the concentra- 

TABLE 3 

Passage experiments with g-strophanthin in the dog heart-lung preparation 
EXPERIMENT I 

Heart No. 1 = 34.5 grams. Blood volume = 900 cc. 

9:06 Continuous infusion of 1:500,000 g-strophanthin at a rate of 0.0101 microgram per 
gram heart per minute. 

11:15 Cardiac arrest in 139 minutes. L.D. = 1.390 micrograms g-strophanthin per gram 
of heart. 

Heart No. S = 49 grams, (corrected) 

12:06 850 cc. of blood from Heart No. 1 was added. 

No change in cardiac action. 

1:44 Started infusion of g-strophanthin 1 :500,000 at a rate of 0.0091 microgram per gram 
heart per minute. 

3:0S Irregularities set in. 

3:51 Ventricular fibrillation. L.D. = 1.16 micrograms of g-strophanthin per gram 
heart. 

EXPERIMENT II 

Heart No. 1 = 43.0 gram. Blood volume = 850-900 cc. 

9:21 Infusion g-strophanthin, 1:100,000, at a rate of 0.06 microgram per gram heart per 
minute. 

9:52 Irregularities set in. 

10:19 Ventricular fibrillation. L.D. = 3.49 micrograms per gram heart. 

Heart No. S = 53 grams. Blood volume = 200 cc. 

11:20 Added 870 cc. of blood from heart No. 1. 

11:55 Irregularities. 

12:24 Ventricular fibrillation. 

EXPERIMENT III 

Heart No. 1 = 53 grams. Blood volume = 720 cc. 

1:51 Added 96 micrograms g-strophanthin. 

2:54 Ventricular fibrillation. 

Heart No. S = 69 grams. Blood volume = 300 cc. 

3:41 Added 520 cc. of blood from Heart No. 1. 

4:41 Started infusion of 1 :500,000 g-strophanthin at a rate of 0.00477 microgram per gram 
heart per minute. 

6:50 20 micrograms adrenaline injected. 

7:25 Ventricular fibrillation. L.D. 0.783 microgram per gram heart. 


tion, have been tabulated in table 3. The technic employed by us is similar to 
that used by Weese for studying the same point in the H.L.P. of the cat (1). 
From the first experiment it can be concluded thgt the glycoside infused was suffi- 
cient only to poison the first preparation, since the blood transferred to the second 
heart showed no digitalis action. From experiment 2 it can be concluded that 
when a rate of administration greater than the optimal is used, a g-strophanthin 
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phanthin, and between 0.37 and 0.5 mg. per kg. of digitoxin (20, 21). The lowest 
of these values are probably the closest to the true M.L.D., and have been used in 
our calculations. Since in the dog, the heart is on the average equal to 0.84 per 
cent of the body weight, the amount of glycoside bound by 8.4 grams of heart 
should be compared with the M.L.D. per kg. of the intact dog. For g-strophan- 
thin we found that 11.8 per cent, and for digitoxin 13.5 per cent of the M.L.D. of 
the intact animal is bound by the heart. These values are somewhat higher than 
those calculated by Weese (1) and Rothlin (3) for the cat, but their values are 
based on the Hatcher-Magnus dose, and thus the values of the percentage 
utilization by the cat heart are too low. Since in the dog, the ratio of heart weight 
to body weight is about twice that in the cat, some species differences in this 
partition between the heart and other organs would be most interesting, but a 
final decision on this point must await the accurate determination of the M.L.D. 
of these glycosides in the cat H.L.P. and the intact dog. 

While studying the influence of caffeine on the L.D. of strophanthin in the cat 
H.L.P. Kohn (22) expressed the opinion that the reduction of the L.D. by caffe- 
ine was due to an increase in the permeability of the cardiac cell to cardiac glyco- 
sides. Weese and Wiegand (23) have shown that a large dose of caffeine (5 mg. 
per gram heart) markedly lowered the L.D. of g-strophanthin in the cat H.L.P. 
Both Weese and Kohn were probably working with short experimental times, so 
that values higher than the M.L.D. were being determined. It is conceivable 
that at rates higher than the optimal rale of administration , a modification of the 

L. D. may be due either to a change in the rate of uptake or a change in the true 

M. L.D. Thus caffeine may have either increased the rate of uptake or decreased 
the M.L.D. To decide which of these two factors is operating, one would have 
to determine the M.L.D. and also the L.D. and experimental time at various 
rates of administration, with and without caffeine. From this data it would be 
possible to calculate the rate of uptake and thus determine whether the change in 
the L.D. is due to a reduction in the M.L.D. or an increase in the uptake. A 
similar reasoning could be applied to any substance which has the ability to 
change the L.D. of a cardiac glycoside in the H.L.P., when rates greater than the 
optimal rate of administration are being used. 

. SUMMARY 

The effect of rate of administration of g-strophanthin and digitoxin on the L.D., 
experimental time, destruction and rate of uptake has been studied in the H.L.P. 
of the dog. 

With high rates of administration the L.D. is high. This is due to an over- 
titration resulting from the inability of the heart to bind all the glycoside offered 
per unit of time. To determine the M.L.D., rates equal to or lower than the 
optimal rates of administration have to be employed. The M.L.D. as determined 
under our experimental conditions is 1.18 micrograms g-strophanthin (0.002 
micromols) and 5.95 micrograms of digitoxin (0.008 micromols). 

In our experiments it was not possible to detect any destruction of either g- 

strophanthin or digitoxin by the H.L.P, of the dog. 
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the M.L.D. of some cardioactive glycosides determined previously (1, 2, 3, 4) 
are probably due to the fact that these investigators were not extending their 
experimental periods long enough. Moe (18) has determined the minimal 
irregularity dose (M.I.D.) for some cardiac glycosides in the dog H.L.P. His 
value for the M.I.D. for g-strophanthin was 0.37 micrograms per gram heart. 
According to Krueger and Unna (19) the M.I.D. is about 60 per cent of the 
M.L.D. in the intact anesthetized cat. If the same relationships should hold for 



Rate of inflow gamma per gram 
heart per minute 

Fig. 3. Dog Heart-Lung Preparation 

The relation of the rate of inflow of g-strophanthin and digitoxin to the rate of uptake. 
(Gamma *= microgram) 

D D Digitoxin X X g-stropbanthin 

the dog H.L.P. , the M.L.D. of g-strophanthin would be 0.617 micrograms per 
gram of heart. This value is about SO per cent lower than the one determined 
by us. It is not possible to discuss any further this discrepency since the methods 
of Moe are somewhat different from those described in this paper. 

From our data the partition between the heart and other organs in the intact 
dog can now be calculated. For comparative purposes the most reasonable 
values to be used are the M.L.D. of both the intact animal and the H.L.P. In 
the intact dog the reported lethal doses vaiy between 0.084 and 0.19 for g-stro- 
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phanthin, and between 0.37 and 0,5 mg. per kg. of digitoxin (20, 21). The lowest 
of these values are probably the closest to the true M.L.D., and have been used in 
our calculations. Since in the dog, the heart is on the average equal to 0.84 per 
cent of the body weight, the amount of glycoside bound by 8.4 grams of heart 
should be compared with the M.L.D. per kg. of the intact dog. For g-strophan- 
thin we found that 11.8 per cent, and for digitoxin 13.5 per cent of the M.L.D. of 
the intact animal is bound by the heart. These values are somewhat higher than 
those calculated by Weese (1) and Rothlin (3) for the cat, but their values are 
based on the Hatcher-Magnus dose, and thus the values of the percentage 
utilization by the cat heart are too low. Since in the dog, the ratio of heart weight 
to body weight is about twice that in the cat, some species differences in this 
partition between the heart and other organs would be most interesting, but a 
final decision on this point must await the accurate determination of the M.L.D. 
of these glycosides in the cat H.L.P. and the intact dog. 

While studying the influence of caffeine on the L.D. of strophanthin in the cat 
H.L.P. Kohn (22) expressed the opinion that the reduction of the L.D. by caffe- 
ine was due to an increase in the permeability of the cardiac cell to cardiac glyco- 
sides. Weese and Wiegand (23) have shown that a large dose of caffeine (5 mg. 
per gram heart) markedly lowered the L.D. of g-strophanthin in the cat H.L.P. 
Both Weese and Kohn were probably working with short experimental times, so 
that values higher than the M.L.D. were being determined. It is conceivable 
that at rates higher than the optimal rale of administration, a modification of the 

L. D. may be due either to a change in the rate of uptake or a change in the true 

M. L.D. Thus caffeine may have either increased the rate of uptake or decreased 
the M.L.D. To decide which of these two factors is operating, one would have 
to determine the M.L.D. and also the L.D. and experimental time at various 
rates of administration, with and without caffeine. From this data it would be 
possible to calculate the rate of uptake and thus determine whether the change in 
the L.D. is due to a reduction in the M.L.D. or an increase in the uptake. A 
similar reasoning could be applied to any substance which has the ability to 
change the L.D. of a cardiac glycoside in the H.L.P., when rates greater than the 
optimal rate of administration are being used. 

. SUMMARY 

The effect of rate of administration of g-strophanthin and digitoxin on the L.D., 
experimental time, destruction and rate of uptake has been studied in the H.L.P. 
of the dog. 

With high rates of administration the L.D. is high. This is due to an over- 
titration resulting from the inability of the heart to bind all the glycoside offered 
per unit of time. To determine the M.L.D., rates equal to or lower than the 
optimal rates of administration have to be employed. The M.L.D.' as determined 
under our experimental conditions is 1.18 micrograms g-strophanthin (0.002 
micromols) and 5.95 micrograms of digitoxin (0.008 micromols). 

In our experiments it was not possible to detect any destruction of either g- 
strophanthin or digitoxin by the H.L.P. of the dog. 
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The dog heart in the H.L.P. binds only an amount of cardiac glycoside equal 
to the M.L.D. regardless of the concentration in the blood. It was thus possible 
to calculate the average rate of uptake of g-strophanthin and digi toxin by dividing 
the M.L.D. by the experimental time. The average rale of uptake thus deter- 
mined increased with an increase in the rate of administration. 
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In a previous communication (1), a comparison was made of the action of 
caffeine and 1-ethyl theobromine. Although in certain respects the latter 
appeared more potent than caffeine, particularly in animals, the degree of differ- 
ence between the 2 compounds was not great enough apparently to be of practical 
interest. However, the results were sufficiently encouraging to warrant a further 
study of other analogues. Included in this investigation were the ethyl, 71 -pro- 
pyl, 71 -butyl, tsoamyl, allyl, methallyl, crotjd, and methoxyethyl theobromines. 
The well-known products, caffeine and, in certain instances, theophylline, the- 
obromine, d-amphetamine sulfate, lobeline sulfate, and nikethamide, were also 
employed for the sake of comparison. We are greatly indebted to Dr. L. P. 
Ky rides, of the Monsanto Chemical Company, who supplied us with all the 
derivatives of theobromine. 

The majority of the chemicals tested are not new. Van der Slooten (2) was 
the first to prepare successfully 1-alkyl theobromine derivatives. In spite of 
many reports describing preparation of these substances, pharmacologic studies 
have been very limited. Bergell and Richter (3) tested the diuretic action of 
several 1-alkyl theobromines, and Ritz (4) investigated the pharmacology of 
1-allyl theobromine. No references have been made in literature to 3 compounds 
of the present series, namely, 1-methallyl, 1-crotyl, and 1 -methoxyethyl theo- 
bromine. 

Convulsive action and acute toxicity in mice. The median convulsive doses and 
median lethal doses ± standard errors were determined by injection into the tail 
we ins of starved albino mice. Computations were made according to the method 
of Bliss (5), the results being given in table 1. The compounds showed the 
following order of decreasing toxicity: allyl > ethyl > crotyl > methyl (caffeine) 
propyl > butyl > tsoamyl > methallyl > methoxyethyl. The convulsive 
potency had the same order except that the butyl and tsoamyl derivatives ap- 
peared to have no convulsive action whatsoever. The type of convulsions was 
similar in all instances, namely, tetanic. Death either occurred within a few 
minutes or not at all. 

The results show that with increasing length of the saturated aliphatic side 
chain, the activity increases up to the ethyl derivative and thereafter a rapid 
decrease follows. The most potent compound of all has the unsaturated allyl 
chain. Addition of a methyl group to the allyl chain markedly lowers toxicity 
and convulsive action. The same is true when a methoxy radical is attached to 
the ethyl group. 
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F eeding experiments in rats. Since we were particularly interested in stimulation 
of the central nervous system, only 2 of the more convulsive compounds were 
tested for chronic toxicity. Caffeine was included for comparison. Young 
albino rats weighing about 80 grams were given a diet in which propyl theobro- 
mine, allyl theobromine, or caffeine was incorporated in various percentages (6). 
Six groups of 5 rats each were tested on each compound, each group receiving a 
different percentage, but the same percentages were used for each chemical— 
namely, 0.02, 0.035, 0.07, 0.1, 0.3, and 0.5 per cent. The test period lasted 28 
days. 

There was an inhibition of weight gains — much greater with allyl theobromine 
than with the other 2 substances. The effect of propyl theobromine and caffeine 
appeared to be equal. Little or no effect on weight was noted with these sub- 
stances in the amount of 0.1 per cent or less in the diet, as compared with the 

TABLE 1 


The median convulsive and median lethal doses of l-subslituled theobromine compounds by 
intravenous injection into mice 


THEOBROMINE DERIVATIVE 

NUMBER OF 
ANIMALS USED 

CDu S. E. 

WSSIM 



mg Per kg. 

mg. per kg. 

Caffeine. . . 

35 

84.4 ± 4.9* 

100.9 ± 6.7* 

Ethyl . ... 

40 

54.1 ± 2.0* 

61.0 ±2.4* 

Propyl 

•40 

96.3 ±42 

125.8 ± 5.1 

Butyl 

30 

non-convulsive 

167.0 ± 15.2 

/soamyl 

30 

non-convulsive 

about 200.0 

Allyl 

50 

35.7 dz 0.8 

40.0 ± 1.0 

Methallyl 

65 

119.0 ± 5.6 

254.0 ± 14.6 

Methoxyethyl 

40 

240.0 ±68 

272.0 ± 7.3 

Crotyl 

70 

56.1 ± 1.8 

94.5 ± 4.7 


* Previously reported (I). 


average weight gain of a separate group of 4 control rats without medication. 
In the 0.5 per cent group which received allyl theobromine, 1 rat died in 26 days. 

At the end of the test period, all rats fed the 0.5 per cent diet were submitted 
to necropsy. The findings were essentially nonspecific, except that the rat which 
died on the allyl theobromine diet showed fatty metamorphosis of the liver. 
In addition, mild hypertrophy of the thyroid gland was noted in 60 per cent of 
the rats which were fed propyl theobromine regardless of the dose. Unfortu- 
nately, the thyroids were not examined in the other 2 series. 

Stimulation of motor activity of rats. Using the method of Schulte, Tainter, 
and Dille (7) of measuring the amount of activity of adult rats placed in spring- 
suspended cages, the stimulating actions of these compounds were compared. 
Administration of all substances was by subcutaneous injection. Theophylline 
and d-amphetamine sulfate were included in the study for purposes of com- 
parison. The results are to be seen in table 2. Caffeine, or, chemically, methyl 
theobromine, produced the greatest stimulation of the theobromine series. The 
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ethyl compound was next most potent followed by the allyl, propyl, and crotyl 
derivatives. The remaining substances caused little or no change in activity 
of the animals. In control experiments, untreated animals registered no activity, 
or, at the most, 1 to 2 revolutions in 4 hours. 

Schulte and his co-workers (7) believe that their method measures the degree 
of stimulation of the higher centers of the brain. Convulsive action of the- 
obromine derivatives may be indicative more of spinal cord stimulation than of 
stimulation of higher centers, particularly since convulsions produced by these 
compounds were tetanic in nature (8). Since caffeine in our work was more 
potent than the allyl derivatives by the cage-activity test, and the reverse held 
true for the convulsive effect, the potency of each compound may he variable in 


TABLE 2 


Comparative effects of theobromine derivatives on activity of rats in spring-suspended cages 


THEOBROMINE DERIVATIVE 


TOTAL NUMBER OT REVOLUTIONS DURING 4 HOURS. AVERAGE 
PER RAT 

NUMBER 

or rats Dose (tag. per kg ) 




5 

. 10 s 

20 ! 

4° 1 

80 

Caffeine 

25 

8.0 

' ' 9 



16.6 

Ethyl 

25 

8 0 




14.8 

Propyl 

25 

3.2 


9.0 


12.8 

Butyl 

25 

1.4 




3.2 

Iso amyl . . 

25 

3.0 




4.0 

Allyl . . 

25 

5.0 

14.2 

10.2 

9.0 

22.6 

Methallyl 

25 

3.0 

5.6 


1.2 

2.6 

Crotyl . . 

25 

3 2 

5 0 



13.6 

Methoxyetbyl 

25 

4.6 

5 0 



9,4 

Theophylline 

75 

9.1 

11.7 

41 0 

25.1 

25.3 

d-Ampbetamine Sulfate 

50 

1 

2 

3 

4 

5 

15 5 

51.0 

61.0 

25.5 

49.8 


different parts of the central nervous system. Schulte and associates found no 
increase of activity by their method when rats were given metrazol or picrotoxin, 
although these drugs are well-recognized as strong central nervous system 
stimulants. 

Surprisingly, theophylline produced greater motor activity than caffeine. 
This is in contrast to the established superiority of caffeine over theophylline as 
a central nervous system stimulant in man. d -Amphetamine sulfate was dis- 
tinctly more stimulating than any of the compounds tested. 

Respiratory stimulation in dogs. Under deep anesthesia with phenobarbital 
sodium, the volume of expired air of dogs was recorded continuously'. Details of 
the method were given in a previous communication (1). An attempt was made 
to depress respiration of each animal to approximately' the same degree. The 
volumes of expired air for 30 minutes before and after intravenous injection of 
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Feeding experiments in rats. Since we were particularly interested in stimulation 
of the central nervous system, only 2 of the more convulsive compounds were 
tested for chronic toxicity. Caffeine was included for comparison. Young 
albino rats weighing about 80 grams were given a diet in which propyl theobro- 
mine, allyl theobromine, or caffeine was incorporated in various percentages (6). 
Six groups of 5 rats each were tested on each compound, each group receiving a 
different percentage, but the same percentages were used for each chemical — 
namely, 0.02, 0.035, 0.07, 0.1, 0.3, and 0.5 per cent. The test period lasted 28 
days. 

There was an inhibition of weight gains — much greater with allyl theobromine 
than with the other 2 substances. The effect of propyl theobromine and caffeine 
appeared to be equal. Little or no effect on weight was noted with these sub- 
stances in the amount of 0.1 per cent or less in the diet, as compared with the 

TABLE 1 


The median convulsive and median lethal doses of l-substituted theobromine compounds by 
intravenous injection into mice 


THEOBROMINE DERIVATIVE 

NUMBER OT 
ANIMALS USED 

CDjo rfc S. E. 

LDu ± S. E 



mg per kg. 

mg. per kg. 

Caffeine. . 

35 

84.4 ± 4.9* 

100.9 ± 6.7* 

Ethyl 

40 

54.1 ±2 0* 

61.0 ± 2.4* 

Propyl 

'40 

96.3 ±42 

| 125.8 ±5.1 

Butyl 

30 

non-convulsive 

167.0 ± 15.2 

/soamyl 

30 

non-convulsive 

about 200.0 

Allyl 

50 

35.7 ±0.8 

40.0 ± 1.0 

Methallyl 

65 

119.0 ± 5.6 

254.0 ± 14.6 

Metho\yethyl 

40 

240.0 ±68 

272 0 ± 7.3 

Crotyl 

70 

56.1 ± 1.8 

94.5 ± 4.7 


* Previously reported (1). 


average weight gain of a separate group of 4 control rats without medication. 
In the 0.5 per cent group which received allyl theobromine, 1 rat died in 26 days. 

At the end of the test period, all rats fed the 0.5 per cent diet were submitted 
to necropsy. The findings were essentially nonspecific, except that the rat which 
died on the allyl theobromine diet show-ed fatty metamorphosis of the Jiver. 
In addition, mild hypertrophy of the thyroid gland was noted in 60 per cent of 
the rats which were fed propyl theobromine regardless of the dose. Unfortu- 
nately, the thyroids were not examined in the other 2 series. 

Stimulation of motor activity of rats. Using the method of Schulte, Tainter, 
and Dille (7) of measuring the amount of activity of adult rats placed in spring- 
suspended cages, the stimulating actions of these compounds were compared. 
Administration of all substances was by subcutaneous injection. Theophylline 
and d-amphetamine sulfate were included in the study for purposes of com- 
parison. The results are to be seen in table 2. Caffeine, or, chemically, methyl 
theobromine, produced the greatest stimulation of the theobromine series. The 
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ethyl compound was next most potent followed by the allyl, propjd, and crotyl 
derivatives. The remaining substances caused little or no change in activity 
of the animals. In control experiments, untreated animals registered no activity, 
or, at the most, 1 to 2 revolutions in 4 hours. 

Schulte and his co-workers (7) believe that their method measures the degree 
of stimulation of the higher centers of the brain. Convulsive action of the- 
obromine derivatives may be indicative more of spinal cord stimulation than of 
stimulation of higher centers, particularly since convulsions produced by these 
compounds were tetanic in nature (8). Since caffeine in our work was more 
potent than the allyl derivatives by the cage-activity test, and the reverse held 
true for the convulsive effect, the potency of each compound may be variable in 

TABLE 2 


Comparative effects of theobromine derivatives on activity of rats in spring-suspended cages 


THEQBtOlUNE EESLIN ATUX 

NUMBER 
or RATS 

TOTAL NUMBER 0 T REVOLUTIONS DURING 4 HOURS. 

PER RAT 

AVERAGE 

Dose (mg. per is.) 

5 1 

10 ! 

20 j 

40 

so 

Caffeine 

25 




5.0 

16.6 

Ethyl 

25 




10.8 

14.8 

Propyl 

25 



9.0 

13.0 

12.8 

Butyl 

25 




2.6 

3.2 

fsoamyl 

25 

3.0 | 



2.6 

4.0 


25 

! 5.0 | 

14.2 

10.2 

9.0 

1 22.6 

Methallyl ] 

25 

3.0 

5.6 

■pai 

1.2 

2.6 

Crotyl . . . 

25 


5.0 


6.6 

13.6 

Methoxyethyl . 

25 


5.0 

HI 

5.2 

9.4 

Theophylline 

75 


11.7 

41.0 I 

25.1 

25.3 



pm 

2 

3 

4 

5 

d-Amphetamme Sulfate 

50 

15.5 

51.0 

61.0 

25.5 

49.8 


different parts of the central nervous system. Schulte and associates found no 
increase of activity by their method when rats were given metrazol or picrotoxin, 
although these drugs are well-recognized as strong central nervous system 
stimulants. 

Surprisingly, theophylline produced greater motor activity than caffeine. 
This is in contrast to the established superiority of caffeine over theophylline as 
a central nervous system stimulant in man. d-Amphetamine sulfate was dis- 
tinctly more stimulating than any of the compounds tested. 

Respiratory stimulation in dogs. Under deep anesthesia with phenobarbital 
sodium, the volume of expired air of dogs was recorded continuously. Details of 
the method were given in a previous communication (1). An attempt was made 
to depress respiration of each animal to approximately the same degree. The 
volumes of expired air for 30 minutes before and after intravenous injection of 
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the test substance were compared. Using several dogs for each drug, the average 
per cent increase of expired air volume was calculated. Onlj' 1 compound could 
be tested in each animal owing to tachyphylaxis. The well-known respiratory 
stimulants, lobeline sulfate and nikethamide, were included for comparison. 
Results are given in table 3. Propyl theobromine was much more stimulating 
than any substance tested. The order of potency was propyl > crotyl > 
methallyl > butyl > isoamyl > ethyl > allyl > methyl (caffeine) > methoxy- 
ethyl. Addition of a methyl group to the allyl radical increased the respiratory 
action but the methoxy group depressed the activit 3 r of the ethyl chain. Lobe- 
line sulfate was between the butyl and isoamyl compounds in stimulating power, 
while nikethamide was slightly weaker than caffeine. 

Diuretic action. Albino rats were studied by the technic of Lipschitz, Hadidian, 
and Kerpcsar (9). The animals were given 25 cc. per kg. of 0.9 per cent sodium 

TABLE 3 


Respiratory stimulation by theobromine derivatives when given intravenously to dogs 
deeply anesthetized with sodium phenobarbilal 


COMPOUND 

HUMBER Or ANIMALS 
USED 

DOSE 

AVTJtACE PE* CENT 
INCREASE OP \OLUME OP 

EXPIRED AI* TO* 30 MIN - 

UTES rOLLQWING 
INJECTION' 

Caffeine 

6 

mg. per kg. 

10 

12.6 

Ethyl Theobromine 

6 

10 

34.7 

Propyl Theobromine 

5 

10 

82.5 

Butyl Theobromine 

3 

10 

41.2 

/soamyl Theobromine 

3 

10 

37.3 

Allyl Theobromine 

3 

10 

25.1 

Methallyl Theobromine 

3 

10 

50. S 

Crotyl Theobromine 

4 

10 

60.3 

Methoxyethyl Theobromine 

3 

10 

7.2 

Lobelinc Sulfate 

5 

0.25-0.5 

39.2 

Nikethamide 

4 

20-40 

11.2 


chloride solution by stomach tube at the start of the experiment. Control 
animals received saline solution alone, while test rats were given the compounds 
dissolved in the sodium chloride solution. Each dose was tested on 4 rats, all 
doses of a given compound being run the same day. This procedure was repeated 
on another day, and the average calculated for the 8 animals on each dose. The 
diuretic effect was ascertained by the ratio of urine volumes between test animals 
and control rats. Caffeine was found to have a diuretic ratio of 2.45 in the 
dose of 0.2 millimole per kg., being greater than that of any of the theobromine 
derivatives. Crotyl theobromine had little or no diuretic action. The addition 
of a methoxy group to the ethyl chain of theobromine reduced the diuretic po- 
tency. The same appeared true when a methyl group was attached to the 
allyl radical. 

Tests on trained, unanesthelized dogs were made according to the procedure of 
a previous communication (1). All drugs were injected intravenously, the dose 
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in each case being 10 mg. per kg. Total urine output was collected for 90 min- 
utes after injection of the test substance. In control experiments, 1 cc. per kg. 
of 0.9 per cent sodium chloride solution was given by vein, since solutions of the 
compounds were made in this volume also. The results are found in table 4, 
Both the ethyl and propyl theobromines were more potent than caffeine. The 
order of effectiveness was propyl > ethyl > methyl (caffeine) > methallyl > 
butyl > allyl > methoxyethyl > isoamyl. The crotyl derivative appears to 
have a suppressive effect on the urine output. Addition of a methoxy radical 
to the ethyl group reduces the diuretic action, while a methyl group attached to 
an allyl chain seems to increase the action of the latter. 

Some of the compounds produced nausea (evidenced by salivation) and 
vomiting. The crotyl compound caused vomiting in 4 of 5 dogs, the methallyl 

TABLE 4 


Diuretic action of theobromine denvalhcs tn trained unanesthetized dogs 



pPVMPfj] 






Caffeine 

10 

CC. 

94.0 

0 

Ethyl t 

6 

114.0 

0 

Propyl 

6 

117 3 

0 

Butyl 

7 

83 6 

2 

/soamyl 

7 

74.6 

1 

Allyl 

6 

S0.7 

0 

Methallyl 

6 

85.9 

3 

Crotyl 

5 

40.6 

4 

Methoxyethyl 

4 

74.8 

0 

Theobromine 

8 


0 

0 9% NaCl Sol 

9 


0 


* All doses were 1 ) mg. per kg., injected intravenously, usually as a 1% solution in 0.9% 
NaCl solution. 

t Previously reported (1). 


in 3 of 6, the butyl in 2 of 7, and the isoamyl in 1 of 7 animals. Vomiting com- 
menced from 3 to 5 minutes after injection of the substances, the retching move- 
ments continuing usually for 2 to 5 minutes. 

Action tn man. Tests of diuretic action of allyl theobromine, theophylline, 
and caffeine were made on 6 normal adult human beings. The procedure has 
been previously described (1). The drugs were given by mouth in gelatin cap- 
sules at 8:00 a.m., the dose being 200 mg. in each case. Subjects did not know 
what compound they received. In order to avoid any bias, the order of admin- 
istration of the test substances was different for each subject. Daily urine out- 
put was measured from 8:00 a.m. to 4:00 p.m. for a total of 9 days. The sub- 
jects continued their usual work around the laboratories. 

The differences in results between the 3 substances, which are not detailed 
here, weic not significant, although theophylline seemed to be slightly stronger 
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than the other 2 compounds. In another test, propyl theobromine was directly 
compared with caffeine. The urine output following the former was greater than 
that, following the latter. 

The critical fusion frequency and the finger-tapping rate were determined in 
the same subjects according to the methods of Simonson and Enzer (10, 11). 
These were measures of the efficiency of visual centers, and the activity of motor 
centers, respectively. 

The differences in results between compounds were so slight that the}' were 
inconclusive. There was a suggestion that caffeine and propyl theobromine 
were more powerful in increasing the finger-tapping rate. The final conclusion 
must await further study with a much larger group of subjects. 

Untoward symptoms occurred. Propyl theobromine produced nausea in 73 
per cent of the trials; the allyl derivative, 50 per cent; theophylline, only once; 
and caffeine, not at all. Nausea appeared about 1 hour after ingestion of the 
capsule and lasted 1 to 2 hours. Both caffeine and allyl theobromine were 
followed by a tired feeling the next morning more frequently than theophylline. 
Allyl and propyl theobromines produced a jittery sensation in 7 of 18 and 7 of 
15 trials, respectively, while it was noted only twice with theophylline, and none 
with caffeine. 

In addition to nausea following ingestion of propyl theobromine, vomiting, 
hiccoughs, and sweating occurred 3, 2, and 5 times, respectively. Allyl theo- 
bromine also caused vomiting on one occasion. In another trial, a dose of 100 
mg. of the propyl derivative given orally to 3 individuals produced sweating and 
nervousness in all 3 persons, and nausea in 2 of the subjects. 

SUMMARY 

A series of 1-substituted theobromine derivatives has been investigated for 
some of their pharmacologic actions with the following results: 

1. From the median lethal doses by intrai'enous injection in mice, the com- 
pounds showed the following order of decreasing toxicity: allyl > ethyl > 
crotyl > methyl (caffeine) > propyl > butyl > isoamyl > methallyl > meth- 
oxyethyl. The median convulsive doses revealed the same order except that the 
butyl and isoamyl derivatives were not convulsants. 

2. Caffeine, allyl theobromine, and propyl theobromine inhibited weight gain 
of young rats when fed for 28 days in percentages of 0.3 and 0.5 in the food. 
Smaller amounts did not have any effect. Allyl theobromine inhibited growth 
of young rats to a much greater extent than the other 2 substances. 

3. Caffeine was more stimulating to motor activity of rats in spring-suspended 
cages than the theobromine compounds which have the same action. By the 
same procedure, theophylline was shown to be stronger than caffeine, but much 
less effective than d-amphetamine sulfate. 

4. Propyl theobromine produced much greater respirator}- stimulation than 
any other member of this series, when given to dogs deeply anesthetized with 
phenobarbital sodium. Compared with caffeine, nikethamide, and lobeline, 
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the propyl derivative was more than 6 times as effective as the first 2 compounds 
and twice as active as lobeline. 

5. In tests of diuretic action, rats showed greater urine outputs with caffeine 
than with 1-substituted theobromines. In dogs, the diuretic potency had the 
following order: propyl > ethyl > methyl (caffeine) > methallyl > butyl > 
allyl > methoxyethyl > isoamyl. The crotyl derivative had an inhibiting 
effect on the urine output. 

6. Allyl theobromine, propyl theobromine, caffeine, and theophylline were 
tested in a few human subjects in a dose of 200 mg. given orally. There was 
evidence that propyl theobromine was more powerful in increasing the urine 
output than caffeine; and that the latter, in turn, was slightly more powerful 
than the other two products. Untoward symptoms were observed — more with 
allyl and propyl theobromines. 

AcMoudedgment. The authors wish to express their thanks to Dr. P. TX. Harris 
who performed the necropsies, to Mr. John C. Hanson for statistical analyses, 
and to Messrs. E. E. Swanson and W. T. Winchester for technical assistance. 
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Thiourea and thiouracil cause enlargement, hyperemia and hyperplasia of the 
thyroid gland of albino rats. Concomitantly a state of hypothyroidism is in- 
dicated by a decrease in food intake, growth, development and oxygen consump- 
tion (1), (2), (3), (5). Both drugs expert a thyroid-depressant action in human 
beings suffering from thyrotoxicosis and hyperthyroidism (4), (5). Observations 
on the clinical use of these drugs include numerous references to toxic reactions. 
Disturbances of the hematopoietic system, such as leucopenia and agranulocyto- 
sis, have caused the greatest concern (lit. regarding thiouracil is cited in refs. 6 
and 7). Eleven cases of agranulocytosis due to thiouracil have been reported 
(S), (7), (8), (9), (10) (11), (12), (13), (14), of which five have terminated fatally 
(8), (9), (10), (18), (14). 

The production and prevention of granulocytopenia in rats fed thiourea (15) 
has been discussed and the effects of thiouracil on the peripheral blood of rats has 
been noted (16). Although the incidence of fatality due to agranulocytosis 
following thiouracil therapy is not high it is believed the severe, nature of the 
reaction justifies further study of the hematopoietic system as affected by this 
drug. The present investigation is concerned with the effects of measured daily 
doses on the peripheral blood and bone marrow of albino rats. 

Materials and methods. Thirty-eight female and fifteen male albino rats of the 
Rockland Forms strain, 8 months of age, were selected for the experiment. They were kept 
in metabolism cages, at a unfirom temperature, were fed a standard diet of Rockland Farms 
Vit. D-free rat pellets* and had free access to fresh water. All the animals had been handled 
dailj- since birth, to eliminate factors which might influence the procuring of representative 
experimental data. One group of 6 rats served as control. The remainder were fed graded 
doses of a suspension of thiouracil in water daily, Sundays and holidays excluded. The 
intubation method devised by Lehr (17) was used, to assure a constancy of dosage. The 
drug was administered at the same hour each day and all observations were made at 24 hour 
intervals with a constant relation to the feeding of the drug. The animals were weighed 
weekly. 

Twenty-seven rats were selected for study of the effects of thiouracil on the total and dif- 
ferential white blood ceil counts. Prior to initiation of therapy, “normal” values were 
obtained for each animal. The rats received daily doses of either 0.05, 0.1, 0.2 or 0.225 gm. 

1 From the New York Medical College, Metropolitan Hospital Research Unit, New York 
City, New York. 

'Assistant in Research, New York Medical College, Metropolitan Hospital Research 
Unit, New York City, New York. 

'Associate Professor of Medicine, New York Medical College: Director Metropolitan 
Hospital Research Unit, New York City, New York. 

* AH brood animals of the Rockland Farms have been satisfactorily mnintanined on this 
diet since 1935. For the purposes of our experiments, therefore, it seemed unwise to alter 
the diet to which this strain of rats had been accustomed for many generations. 
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of the drug for varying periods of time. Total and differential white blood cell counts were 

performed on each animal daily {table 1). 

Twenty rats were selected for the purpose of studying the effects of thiouracil on the bone 
marrow, as well as on the peripheral blood. They were fed daily doses of 0.1 or 0.2 gm. of 
of the drug for varying periods of time (table 3). 

Complete blood counts were performed on 3 control ratB and on 18 treated rata prior to 
the initiation of therapy and at weekly intervals thereafter. Blood for all counts was ob- 
tained by snipping the tail. In all, 176 total and differential white blood cell counts were 
made on untreated and 351 on treated animals. Twenty -seven complete blood counts were 
made on untreated and 45 on treated animals . 

All the rats, except those of Group 9 and 3 of those in Group 10, which died during the 
course of the experiments, were sacrificed one day after receiving their last dose of the drug. 
Complete autopsies were performed. The thyroid gland was dissected away from the sur- 
rounding structures, weighed on an analytical balance and tbe ratio of tbyToid weight to 
body weight computed. Sections were taken from all the organs, fixed in Zenker’s or for- 
malin solution and stained routinely with hematoxylin and cosin. In addition, sections 
from femoral bone marrow of every animal were treated with the Wohlbach modification of 
the Giemsa stain. Multiple smears of femoral bone marrow were obtained from 17 rats in 
accordance with a recently described technique (18), and treated with the lenner -Giemsa 
stain. 

Results and discussion, (a) Hemogram of the normal rat. It is generally 
acknowledged that each element of the blood of the normal rat shows a wider 
range of variation than the same element in normal human blood. The range of 
red blood cells has been given as 7 to 10 million per cu. mm. (15), (19), (20). Re- 
peated erythrocyte counts made in this laboratory on 21 rats varied from 5.05 to 
9.31 million per cu. mm. Determinations of hemoglobin have been reported as 
ranging from 10 to 23.3 gms. per 100 cc. of blood (15), (16), (20), (21). Determi- 
nations made on 21 rats in this laboratory ranged from 13.5 to 17.5 gms. per 100 
ce. of blood. The range of white blood cells has been given as 6 to 27.1 thousand 
per cu. mm. of blood (15), (16), (19), (21), and the ranges for individual types of 
leucocytes have been reported in percentage as polymorphonuclear neutrophils, 
15 to 47; lymphocytes, 47 to 87 ; monocytes, 0 to 7 ; eosinophils, 0 to 7 and baso- 
phils, 0 to 1 (15), (19), (20). The range of white blood cells as determined in 
this laboratory on 53 rats was 4.35 5 to 26.25 thousand per cu. mm. of blood and 
of individual types of leucocytes, 6 to 57 per cent were polymorphonuclear neu- 
trophils, 38 to 88 per cent were lymphocytes, 0 to 7 per cent monocytes and 0 to 
7 per cent eosinophils (tables 1, 2, 3). 

(b) Hemogram of the rat following treatment with thiouracil. Under treatment 
with thiouracil 8 of 15 rats showed a slight decrease in the number of red blood 
cells per cu. mm. and the count of 7 rats remained approximately stationary, 
simulating that of the rats in the control group. Ten of the 15 animals showed a 
definite decrease in the hemoglobin content of the blood, 4 showed a slight de- 
crease and 1 remained stationary (table 2). This confirms a previous observa- 
tion (16). Similar findings have been reported for both rats (22), (23) and human 
beings treated with sulfonamides (24). 

* Tlue represents a single determination which was outside the figures previously reported 
by other investigators. All other determinations fell within a range of 6.40 to 26.25 thou- 
sand white blood cells per cu. mm. of blood. 
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TABLE 1 

General data from rats before and after treatment with tkiouracil 


CROUP 

NO.* 


Control 


THIOUEACIt 


Amount 


days 

30 


PER 

CENT 

WEIGHT 

CHANCE 


+0.2, 


TW/ 

BU’f 


10 


18 


Th.f 

cmm. 

16.25 


Range 


Th./cmm. 

S. 35-26. 95 


r>.frrp r..TT«T WHITE COtWT (FES CENT) 


Polys 


27, 


11-57 


Ljmph. 


67 


3S-S5I 


Eosino. 


0— 12j 


Mono. 


0-4 


1-4 

[0-5 


1-5 

10-7 


0-5 

0-5 


0- 5 

1- 5 


H-7 

0-8 


12-6 

0-5 


ll — i 
*0-7 


1-5 

'0-5 


[2-6 

1-6 


1 

before 

after 


0.05 


6.25 


+3.4 


12 


15.10| 

[20.36 


7.85-24.00 

[2.70-28.101 


!20-44[ 

11—42 


54-71 
[50— So, 


2 

before 

after 


0.05; 


0.50 


10 


+2.1 


17 


10.40 

13.50 


7.95-12.301 

7.70-27.40[ 


19-37| 

9-3S 


66 53-76, 
71 50-85 


3 

before 

after 


0.051 


1. 00 


26 


— 2 . 2 | 


16 


13.00 

11.45 


6.50-26.25! 

[3.70-22.70! 


15-11 
8— 19j 


67 


53-83, 


7046-91 


4 

before 

after 


0.1 


0.50 


+0.8 


11 


12.50 

11.20 


.75-20.85 

[8.20-15.00 


7-22| 

2-29; 


6S-S8J 

[65-96 


2 - 10 ; 

1-7 


5 

before 

after 


0.1 


1.00 


12 


-1.4 


20 


10.30 

14.80 


6.95-14.75| 
6 . 30-22 . 80, 


'14-34| 

10-41 


65 


50-76[ 


6S52-S5, 


2-16, 

0-10[ 


6 

before 

after 


0.1 


12.00 


25 


18 


13.55| 

11 . 


205 


7.50-24.75 

.15-20.65, 


9-39 

7-32i 


52-85| 

534 


1-6 

10-15] 


7 

before 

after 


0.2 


1 . 00 , 


-3.1 


16 


9.40 

9.20 


6.40-17.30, 

,6.70-14.75j 


15 6-21, 
27 8-52, 


71-S6 

'43-90, 


2-6 

0-l2| 


8 

before 

after 


0.2 


4.00 


28 


-3.1 


24 


40 9. 
50 6. 


.50-18.50 25 
.15-25.50 20 


10-48) 

4-65, 


47— S5] 
! 30-94[ 


[ 0-8 

[0-9 


9 

before} 

after 


6.225 


2.00 


10 


-18.4 


18 


n . so [ 

14.50, 


4.35-18.70] 

7.85-24.00, 


19-39| 

[2l-74[ 


51-72! 

23—66] 


2 - 10 ] 

1-9 


* 3 rats per group. 

|TW/BW — thyroid weigbt/body weight — expressed in whole numbers actually repre- 
senting the 4th and 5th decimal places. 

} Rats died on 7th, 9th and 11th day of treatment, respectively. 
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vary qualitatively from the normal. Quantitatively, 9 rats exhibited a decided 
increase in the erythroid and a slight to to moderate decrease in the more im- 
mature forms of the myeloid elements (tables 4, 5). This finding was apparently 
related to the total amount of the drug given and the period of time over which 
it was administered. 

It is concluded that, in the rat, the bone marrow may be a more reliable index 
of the effects of thiouracil on the hematopoietic system than the peripheral blood. 


TABLE 3 

Data from individual rats, in which bone marrow studies were done, 
after treatment with thiouracil 


RAT NO. 

THIOURACIL 

TREAT- 

MENT 

WEICHT 

TW/BW* 

LEUCOCYTES 

Daily 

Total 

,(% 

change) 

Total 


Differential Count (per cent) 

no. 

Init. 

Fin. 

Fob’s 

1 Lymph. 

| Eosino. 

I M< 


IS 

m 

ESI 

BB 

Fin. 

m 



gm. 

gm. 

days 



cu. mm. 









a 

0.1 

1.0 

12 


14 

16.90 

16.20 

22 

21 

74 

72 

3 

4 

i 


b 

0.1 

1.0 

12 

-4.2 

11 

14.75 

16.90 

35 

24 

57 

69 

S 

7 

0 


c 

0.1 

1.0 

12 

-2.7 

12 

BaEffl 


10 

19 

89 

79 

5 

i 

0 

1 

d 

0.1 

1.0 

12 

+2.5 

19 



29 

34 

66 

59 

5 

5 

0 


e 

0.1 

6.0 

78 

+11.2 

24 

12.85 

7.95 

24 

16 

74 

76 

1 

6 

1 


f 

0.1 

6.0 

78 

+19.3 

22 

fTWai 

10.15 

21 

19 

76 

75 

1 

2 

2 


g 

0.1 

6.0 

78 


21 

13.10 

9.15 

26 

m 

70 

82 

4 

1 

0 


h 

0.1 

6.0 

78 

+3.2 

19 


IjWjB 

22 

27 

73 

69 

3 

2 

2 


i 

0.2 

2.0 

11 

-4.5 

14 

12.25 

10.05 

22 

IS 

76 

79 

1 

3 

.1 


i 

0.2 

2.0 

11 

-19.7 

18 

15.75 

13.20 

26 

43 

71 

55 

2 

2 

1 


k 


4.0 

24 

-3.9 

13 

17.75 


29 

17 

66 

80 

5 

2 

0 

1 

1 

0.2 

4.0 

24 

-7.6 

17 


15.75 

3S 

36 

5S 

58 

4 

6 

0 

0 

m 

0.2 

4.0 

24 

-6.2 

15 

Mg 

6.65 

21 

22 

79 

78 

0 

0 

0 

0 

n 

0.2 

4.0 

24 

SEE 

22 



35 

18 

62 

81 

2 

0 

1 

1 

p 

0.2 

4.0 

24 

+15.9 

16 


jyjfW 

25 

16 

74 

77 

1 

4 

0 

3 

q 

0.2 

4.0 

24 

-16.6 

20 

9.45 

Sfyjffli 

24 

51 

76 

48 

D 

0 

0 

1 

r 

0.2 

4.0 

24 

-35.3 

21 

im 

8.85 

27 

44 

69 

55 

2 I 

0 

H 

1 


* TAV/BW — ratio of thyroid weight to body weight expressed in whole numbers actually 
representing the 4th and 5th decimal places. 


(d) The toxic dose of thiouracil. With the exception of 3 animals in Group 10, 
all rats receiving 0.2 gm., or less, of thiouracil daily survived the specified test 
periods. The 3 rats of Group 9 succumbed following 12 daily doses of 0.225 gm. 
of the drug. In the course of other experiments, it has been found that thiouracil 
in 0.3 gm. doses daily was fatal in three days. It is therefore concluded that, 
under the conditions noted, the sub-acute lethal dose lies between 0.2 and 0.225 
gm. the drug daily, and that the L.D. 50 lies between 0.6 and 0.9 gm. Dosages 
slightly less than this have been used by Astwood (25) as a 1% mixture in the 
food. One third of the animals so treated developed urinary' concretions from 
which some (percentage not stated) succumbed. However, those that survived 
were able to continue the regime for as much as 5 months without “symptoms 
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or signs other than those attributable to a state of hypothyroidism.” When 
these statements are considered in relation to our own data it is clear that 
rapidly attained blood levels predispose to renal complications which may result 
fatally, although the total dosage received may be far below that tolerated when 
the drug is so administered as to promote slower absorption. 

(e) Autopsy findings in rats treated with thiouracil. At autopsy, enlargement 
and hyperemia of the thyroid gland was observed in all cases. The ratio of 
thyroid weight to body weight, in the majority of instances, increased in direct 
relation to the amount of drug administered daily and the length of time over 
which continued. 

The presence of a small amount of fine, yellowish-white granular material was 
noted in the renal pelvices of one rat in Group 5, 2 rats in Group 10 and in the 

TABLE S 


Comparison of myeloid ferylhroid ratios in bone marrow of normal rats and rats 
treated with thiouracil 


MYELOID CELLS 

RANCE 

AV.* 

RANGE 

AV.* 

RANGE 

AV.* 

12 normal 
rats 

4 rats 0 1 
gm. daily 
(78 days) 

7 rats 0 2 
gm daily 
(24 days) 

Mature granulocytes . 

192-347 


205-296 

242 


II 

Immature granulocytes 

73-259 

rapt 

102-120 

[roajB 

65-131 


Metamyelocytes 

22-59 


24-57 

ELlf 

19-6S 


“Ring” cells 

40-S8 

54 

35-62 

45 


W p§| 

Myelocytes 

13— JO 

25 

14-33 

22 

11-28 


Promyelocytes 

0-8 


0-1 



1 

“Blast” cells 

23-61 


25-45 

3S 

7-33 

20 

ERYTHSOID CELLS 







Normoblasts 

175-272 

216 

216-373 

272 

184-357 

2S9 

Erythroblasts 

66-133 

SO 

99-169 

129 

112-246 

174 

Myeloid/Erythroid . . 

1.33-2.66 

1.78 

0.84-1.59 

1.07 

0.82-1.55 

1.03 


* Representing the nearest whole number. 


2 rats receiving 0.3 gm. thiouracil daily. The kidneys were soft, swollen and 
enlarged. In the latter two instances the granular material was visible in the 
medullary tissues, the pelvices and the ureters. The ureters were dilated and 
the urinary bladder was empty. 

One rat in Group 10 lost hair from the ventral thorax and abdomen during the 
course of the experiment. At autopsy' a moderate amount of clear, pale, yellow 
fluid was present in her pleural and abdominal cavities. 

Microscopic examination of post-mortem sections from all organs of each 
animal revealed nothing of pathological significance except in the bone marrow, 
thyroid gland and the kidneys. Variations in the bone marrow have already 
been described. In the thy'roid varying degrees of hy'perplasia and diminution 
in colloid were noted in all animals. In those kidneys showing precipitated 
thiouracil on gross examination, cloudy swelling of the tubular epithelium with 
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desquamation, capillary dilatation and engorgement, and a slight to moderate 
degree of tubular dilation were observed. The bone marrow appeared to be 
hyperplastic in every rat. 

A total of 8 rats died spontaneously during the course of the experiment while 
receiving relatively high doses of thiouracil. Oliguria was present in each but 
anuria was not observed. The weight loss of individual subjects was consider- 
able. Terminal white blood cell counts performed on each of these rats showed a 
high percentage of polymorphonuclear neutrophils (tables 1, 3). At autopsy 
the drug was present in the kidneys of 6 of the 8 rats. Apparently the cause of 
death was a renal block with associated uremia, although this was not proven. 
Precipitation of the drug in the kidneys may have resulted from the high blood 
and renal concentration reached following a single large daily dose of thiouracil. 

SUMMARY 

1) Forty-seven albino rats were fed thiouracil in doses ranging from 0.05 to 
0.225 gm. daily for from 5 to 78 days. 

2) A slight decrease in the total number of red blood cells and a slight to 
moderate decrease in the hemoglobin content of the peripheral blood was noted 
in a high percentage of the rats upon which complete blood counts were per- 
formed. In a study of 361 specimens taken from treated animals no sustained 
variations from the normal range of total and differential white blood cell counts 
were noted. 

3) Smears of the bone marrow revealed a definite decrease in the myeloid- 
erythroid ration in 3 of 4 animals receiving 0.1 gm. of thiouracil daily for 78 days 
and in 6 of 7 animals to which 0.2 gm. of drug was given daily for 24 days. 

4) The presence of granular deposits in the kidney pelvices was noted at 
autopsy in 7 rats. 

5) In addition to the changes in the bone marrow, microscopic examination 
of sections of organs taken at autopsy revealed alterations only in the thyroid 
gland and in the kidneys. The former showed varying degrees of hyperplasia 
and diminution of colloid; the latter exhibited some evidences of tubular damage. 
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The pharmacological literature during recent years has contained numerous 
reports describing the chemical structure and biological action of many new 
synthetic substances developed in an effort to replace atropine as an antispas- 
modic agent. This literature has been extensively reviewed recently by Blicke 
(1) and need not be repeated here. An examination of the data reported in- 
dicates that most of these substances are distinctly less spasmolytic than atropine 
and that side-reactions can be elicited with some of them when they are adminis- 
tered in relatively large amounts. Nechles et al. (2) reported aboliton of the 
vasodepressor action of acetylcholine in dogs after large doses of /3-diethylamino- 
ethyl diphenylacetate (Trasentine). Meier and Hoffmann (3) report mydriasis, 
inhibition of salivary secretion and the antagonizing of the action of acetyl- 
choline on the frog heart by both 0-diethylaminoethyl diphenylacetate and 
/3-diethylaminoethyl phenylcyclohexaneacetate (Trasentine-H). Similarly, ac- 
tions on parasympathetically innervated structures other than the intestine have 
been reported for 7-diethylamino-d, /3-dim ethyl propyl tropate (Syntropan) and 
related structures by Fromherz (4). 

This laboratory has determined the spasmolytic action of a number of sub- 
stituted acetic acid esters of aminoalcohols and the results obtained with a few 
of these have been reported by Lands and Nash (5) and Lands, Nash and Hooper 
(6). The series of compounds described in tables 1 and 2 have been made avail- 
able to us for pharmacological investigation. The synthesis of the basic esters 
of p-xenylacetic acid has been described by Blicke and Grier (7), of naphthylace- 
tic acid by Blicke and Feldkamp (8), and of a-thienylacetic acid by Blicke and 
Tsao (9). The phenyl- and cyclohexylacetic acid esters (table 1, Nos. 3, 5, 6 
and 7) are known compounds. They are included here for comparison. In 
this communication we have described the results obtained with several new 
esters of a-thienylacetic acid, and a-thienylglycolic acid. Intestinal spasmolytic 
action and anti-cholingeric action in various other parasympathetically in- 
nervated structures has been determined. 

Results. 1 . Aclion on the Small Intestine. a. Effect of the Acid Portion 
of the Ester. Isolated segments of the small intestine of the rabbit were sus- 
pended in Sollmann-Rademaker solution and the action of drugs determined by r 
the method of Magnus. Results obtained are shown in table 1. The acetic and 
propionic acid esters of /3-diethylaminoethanol induce contractures of the in- 
testinal segment that are indistinguishable from those caused by acetylcholine 
although much higher concentrations of the former compounds are required. 
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This action is inherent in the basic alcohol since similar stimulation can be in- 
duced by the alcohol alone, when present in relatively high concentration. Ester- 
ification with acetic or propionic acids thus increases this inherent cholinergic 
action (Lands et ah, 6). The stimulant action of the ester is abolished by the 
replacement of one of the hydrogen atoms of the acetate by an hydroxyl group, 
as in /9-diethylaminoethyl glycolate. The substitution of a phenyl group for one 

TABLE 1 


Spasmolytic action of substituted acetic acid esters of 0-diethylaminoelhanol 




ACTION ON THE ISOLATED RABBIT JEJUNUM 

COMP. NO. 


(MAGNUS) 



Acetylcholine* 

Barium Chloride* 

1- 

Acetic? 

1- 

Stimulates 

1- 


Glycolicf 

10,000-20,000 



Phenylacetic 

100,000-200,000 

10,000-20,000 


Phenylglycolict 

200,000-500,000 



Cyclohexaneacetic 

200,000-500,000 

20,000-40,000 


Cyclohexaneglycolic 

500,000 

10,000-20,000 


Diphenylacetict 

500,000-million) 

200,000 


Phenj’l-a-thienylacetic 

2-5M 

200,000-400,000 


Di-or-thienylacetic 

1-4M 

200,000 


Diphenylglycolic 

40-50M 

100,000-200,000 

11. 

Phenyl-a-thienylglycolic 

40-S0M 

200,000-400,000 

12. 

Cyclohexyl-a-thienylglycolic 

60-1 OOM 

200,000-500,000 

13. 

p-Xenyl-a-thienylacetic 

500,000 

500,000 

14. 

p-Xenyl-or-thienylglycolic 

500,000 

500,000 

15. 

or-Naphthylacetic 

50,000-200,000 

50,000-200,000 

16. 

p-Xenylacetic 

50,000-200,000 

50,000-200,000 


* Acetylcholine chloride was added directly to the bath to make a final dilution of 1- 
1M to I-2M. 


Barium chloride was added directly to the bath to make a final dilution of 1-10,000 to 

1 - 20 , 000 . 

f These compounds were supplied to us as oily hydrochlorides without definite identify- 
ing physical constants. Inasmuch as their physiological activity falls in line in the series, 
they are included for comparison.. 

I Trasentine. Meischer and Hoffmann, U. S. 2,079,962 (1937). Cf. Meier and Hoff- 
mann (3). 

§ All esters were used as the hydrochloride salt in aqueous solution, except as noted 
above. 

hydrogen atom of the acetate results in an ester that is definitely spasmolytic. 
The addition of an hydroxyl to the latter to form d-diethylaminoethyl phenyl- 
glycolate gives a compound that is more spasmolytic than either of the previously 
mentioned mono-substituted acids. Saturation of the phenyl group to produce 
the corresponding cyclohex}d analogs (table 1, Nos. 5 and 6) results in a further 
increase in spasmolytic action. The replacement of two hydrogen atoms by 
phenyl groups as in /3-diethylaminoethyl diphenylaeetate (Trasentine) further 
increases spasmolytic activity. Meier and Hoffmann (3) investigated the phar- 
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macological action of 0 -diethylaminoethyl phenylcyclohexaneacetate hydro- 
chloride (Trasentine-H) and dicyclohexaneacetate hydrochloride and found the 
former to be definitely more spasmolytic than Trasentine and the latter to be 
less spasmolytic. This suggests that asymmetry of the acetate favors spas- 
molytic action. In agreement with this, it was found that d-diethylaminoethyl 


TABLE 2 

Spasmolytic action o} substituted acetic acid esters of several umynonlcohota 



— " 


ACTION ON THE ISOLATED JEJUNUM 

COUP. 



(MAGNUS) 

ACID 

ALCOHOL 






Acetylcholine* 

Barium Chloridef 

8 

Phenyl-a-thienylacetict 

/3-Diethylflmino- 

1- 

2-5M(illion) 

1- 

200,000 


ethanol 



28 

Phenyl-a-thienylacetic 

Piperidinoethanol 

2-4M 

200,000 


Methylbromide 



29 

Phenyl-a-thienylacetic 

y-Diethylaminopro- 

2-4M 

200,000 



panol 



30 

Phenyl-a-thienylacetic 

0-Dimetbylamino- 

500,000-lM 

150,000 


ethanol 



31 

Phenyl-a-thienylacetic 

7-Dimethylamino-(3, 

3-5M 

100,000 


1 

/3-dimethylpropanol 



11 

Phenyl-a-thienylglycolic 

0-Diethylamino- i 

40-SOM 

200,000 


ethanol 



32 

Phenyl-a-thienylglycolic 

/3-Piperidinoethanol 

2O-40M 

400,000 

33 

Phenyl -a-thiehylglycolic 

7 -Diethylaminopro- 

30-50M 

200,000 



panol 



34 

Phenyl-a-thienylglycolic 

/3-Dimethylamino- 

30-50M 

200,000 



ethanol 



35 

Phenyl-a-thienylglycolic 

7-Dimethylamino~j3 / - 

75-100M 

100,000 



d-dime thy] propanol 



36 

Phenyl-a-thienylglycolic 

/S-Dibutylamino- 

200,000-400,000 

200,000-400,000 



ethanol 



12 

Cyclohexyl-a-thienyl- 

ff-Xf'j ethyl ami no - 

6O-100M 

200,000-500,000 


glycolic 

ethanol 



37 

Cyclohexyl-a-thienyl- 

^-Piperidinoethanol 

60-100M 

200,000-500,000 


glycolic 




38 

Cyclohexyl-a-thienyl- 

7-Diethylaminopro- 

60-1 00M 

200,000-lM 


glycolic 

panol 




* Acetylcholine chloride, 1 -lM or 1-2M. 
t Barium Chloride, 1-10,000 or 20,000. 

t All esters were used as the hydrochloride salt in aqueous solution. 


phenyl-or-thienylacetate is more spasmolytic than the corresponding diphenyl- 
acetate or di-a-thienylacetate. The replacement of the remaining hydrogen 
atom of the acetate by an hydroxyl causes a further marked increase in spas- 
molytic potency. Lehmann and Knoefel (10) have reported /3-diethylamino- 
ethyl phenylcyclohexaneglycolate to be about ten times more spasmolytic than 
Trasentine. Similarly, we have found the phenyl-a-thienylgly colat e ester to be 
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ten to fifteen times more spasmolytic than the corresponding acetate (5). The 
saturation of the phenyl ring of this compound to form cyclohexyl-a-thienylgly- 
colate causes a very great increase in spasmolytic activity. 

A fern experiments were carried out with compounds wherein the phenyl was 
replaced by p-xenyl and a-naphthyl groups. Poor solubility in neutral solution 
made determination of results difficult. However, these substances appeared to 
have little or no anticholingerie action . Relaxation was primarily due to a direct 
action on the muscle cell (table 1, Nos. 13-16). We believe these experiments 
indicate a loss of anticholinergic action when p-xenyl or a-naphthyl groups are 
substituted for phenyl or a-thienyl structures. 

b. Effect of the Aminoalcohol Portion of the Ester. It was previous]}' noted 
that choline-like action is found with /3-dimethyl- and /3-diet hylnminoethanol, 
y-diethylaminopropanol and /3-piperidinoethanol. The alcohols wherein the 
substituents on the nitrogen are larger than ethyl were found to be papaverine- 
like in action. 

Esters of sevral different aminoalcohols with the same acids were available 
to us and a determination of the effects of structural modification of the amino- 
alcohol on spasmolytic action was thereby possible. Results obtained on the 
isolated intestinal segment are shown in table 2. Examination of the data in- 
dicates that when the substituents on the nitrogen are dimethyl or diethyl the 
resultant ester is anticholingerie. Increase in the size of these groups to propyl 
(Meier and Hoffmann 3), butyl or larger groups results in an ester that appears 
to be only papaverine-like in action. The group between the nitrogen and the 
carboxyl may be ethyl or prop}d and may contain methyl substitutions, as in 
compound Nos. 30 and 34, and still exert and anticholingerie spasmolytic action. 
Our series did not include esters of alcohols beyond aminopropanol. 

Various aminoalkyl esters of phenyl-a-thienylacetic, phenyl-a-thienylglycolic 
and cyclohexyl-a-thienylglycolic acids were made available to us for pharmaco- 
logic investigation. It will be noted (table 2) that the activity of these esters is 
determined largely by the structure of the substituted acetic acids. The phenyl- 
«-thienylgIycolates are distinctly more spasmolytic than the corresponding pheny 1- 
a-thienylacetates, with the exception of the ester of ff-dibutylaminoethanol. This 
latter compound is a weak spasmolytic drug and appears to be papaverine-like 
in action inasmuch as essentially the same values are obtained against both 
acetylcholine and barium induced contratures. The cyclohexyl-o-thienylgly- 
colates are most spasmolytic. Anticholinergic (spasmolytic) action appears to 
be greatest for the esters of the alcohols 7-dimethylamino-/S,/3-dimeth.vlpropanol 
and /3-diethylaminoethanol and least for /3-dimethylaminoethanol. The papaver- 
ine-like action against barium chloride induced contractures is of the same order 
of magnitude for all of these substances although it would appear that the esters 
of y-dimethylamino-/S,ff-dimethyIpropanol are a little less effective. 

Action on the intestine in situ has been determined for several of the esters 
previously described. These experiments were carried out on rabbits and dogs 
and the drugs were administered intravenously, intramuscularly or directly into 
the small intestine. The results obtained are in essential agreement with those 
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obtained on the isolated intestinal segment. The compounds found most active 
on the isolated intestinal segment are also most active on the intestine in situ. 
After intravenous injection of the weak antispasmodic compounds, an occasional 
animal responded only by increased intestinal motility, as if these substances 
may exert a mild acetylcholine-like action. 

2. Action on Other Parasympathelically Innervated Structures, a. Salivation. 
Effect on salivary secretion was determined in unanesthetized rabbits according 

TABLE 3 


Effect oj spasmolytic drugs on salivary secretion 


COlfl?. NO. 

DOSE 

EITECT ON SALIVARY SECRETION PER 
CENT CHANCE* 


mgm./kgm. 


6 

1.000 

+71 

7 

1.000 

+14 

S 

1.000 

-12 

30 

1.000 

+ 10 

31 

1.000 

+5 

10 

1.000 

-60 


0.500 

-40 

11 

0.500 

+19 


0.100 

-18 

31 

0.500 

-11 


0.100 

-10 

35 

0.500 

-94 


0.100 

-67 

Atropine Sulfate 

0.100 

-96 


0.010 

-77 


0.001 

j -70 


* Average values, obtained from 0-10 experiments. 
(+) Indicates increased secretion. 

(— ) Indicates decreased secretion. 


to the method of v. Issekutz, modified as described below. The spasmolytic 
drug was injected intravenously 15 minutes after the subcutaneous injection of 
10 to 20 mgm. of pilocarpine nitrate, at which time secretion was well established. 
If the secretion during this 15 minute period differed significantly in amount from 
that previously recorded for this animal during earlier control experiments, the 
experiment was discontinued. In computing the effect of the drug, the amount of 
saliva secreted before injection of the anticholinergic ding was subtracted from 
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the total secreted. Comparison was made with control experiments in the same 
animal, wherein the saliva secreted during the first 15 minutes was disregarded. 
Representative data are shown in table 3. The most active spasmolytic agents 
were also most effective in diminishing salivary secretion. However, the be- 
havior of compound No. 11 was interesting in that the larger doses stimulated 
whereas small doses caused, on the average, a reduction in salivary secretion. 
Weak anticholinergic substances given in rather large doses (1.0 to 2.0 mgni. per 
kgm.) also increased salivary flow. This effect is not limited to esters containing 
thiophene inasmuch as compounds No. 6 and 7 also increased salivary flow. 
Salivation was sometimes noted in unanesthetized dogs following the administra- 
tion of toxic doses of compound No. 11. 

b. Mydriasis. Mydriatic action was determined in albino rabbits. All drugs 
were dissolved in distilled water and instilled directly into the conjunctival sac, 
the eye being held closed for one minute following instillation. Upon release of 
the eyelids, the excess drug was allowed to drain away. The size of the pupil 
was determined under direct illumination. The results obtained are shown in 
table 4. As noted above for salivary secretion, the most spasmolytic drugs were 
also most effective in producing mydriasis. 

c. Vascular Action. The blocking action against the depressor effect of ace- 
tylcholine was determined in dogs by the method of Ivtihl. An amount of 
acetylcholine was injected intravenously to produce a 40-50 mm. Hg. fall in mean 
carotid blood pressure. The spasmolytic drug was then injected intravenously 
and the change in the response to the subsequent injections of acetylcholine re- 
corded kymographically. The results obtained are shown in table 5. The 
most active spasmolytic drugs were most active in blocking the action of ace- 
tylcholine. Compounds Nos. 11 and 12 were comparable to atropine sulfate in 
their spasmolytic action and the most active one, Compound No. 12, approached 
atropine in its vascular blocking action. However, we believe the collected data 
indicates that no synthetic compound in this series is as effective as atropine in 
inducing anticholinergic side-reactions. 

The pharmacological data outlined above indicates that the spasmolytic esters 
most effective in diminishing tonus of visceral muscle do cause reduction in 
activity of other organs innervated by the parasympathetic division of the auto- 
nomic nervous system. However, the intensity of this action is less than that of 
atropine. We have found intestinal tonus and the vasodepressor action of 
acetylcholine to be most easily diminished by the spasmolytic drugs in our series. 
Reduction of salivary secretion and increase in the size of the pupil occur with 
moderate doses and central nervous system disturbances only with the largest 
doses. 

3. Toxicity. Acute toxicity was determined by intraperitoneal injection into 
albino mice. Results obtained are shown in table 0. An examination of the 
data indicates low toxicities for all acetates containing a single phenyl or cyclo- 
hexvl ring. The addition of a second phenyl ring results in a decided increase in 
toxicity. Of the compounds containing aryl or cycloalkvl substituents, the' 
diphenylglycolates and phenyl-a-thienylglycolates are the most toxic and phenyl- 
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a-thienylacetates the least toxic. The most active compounds, the cyclohexyl- 
a-thienylglycolates are distinctly less toxic than phenyl-a-thienylglycolates and 
somewhat more toxic than phenjd-a-thienylacetates. Toxic symptoms produced 
are predominately those resulting from central nervous system stimulation. 
With lethal doses, death appeared to result from respiratory’ paralysis. 


TABLE 4 

Mydriatic action of spasmolytic drugs 


COMP. NO. 

CONCENTRATION 

MYDRIASIS 

DURATION Or RECORDED 
MYDRIASIS 


per cent 


hours 

6 

1.000 

++ 

i 

7 

1. 000 

+ 

i 

8 

1.000 

+ 

i 

30 

1.000 

+ , + + 

1 

31 

1.000 

+4*4- 

i 

10 

0.010 

++ 

J 


0.050 

++++ 

i~l 

a 

0.010 

++++ 

t 


0.050 

++++ 

M 

34 

0.010 

4 — h 

i 


0.050 

++++ 

t 

35 

0.010 

4-4-4*, 4-4-4-+ 

l 


0.025 

++++ 

H 

12 

0.005 

+++ 

2-3 


0.010 

++++ 

2-3 

Homatropiue Hydro- 

0.050 

+++,++++ 

5-3 

bromide 

0.100 

++++ 

lf-3 

Atropine Sulfate 

0.005 

++++ 

2-3 


j 0.001 

4 — b+ 

2-3 


Maximum mydriasiB is indicated by ++++. 


Two glycolates, Nos. 11 and 12, were tested for toxic reactions in unanes- 
thetized dogs following intramuscular or oral administration. The symptoms 
produced were restlessness, whining and barking, hyperpnea, muscle twitching, 
ataxia and vomiting. In severe intoxications, the above symptoms were followed 
by convulsions with marked opisthotonus at intervals during the seizure. In 
non-fatal intoxication this acute phase was followed by a period of light somno- 
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TABLE 5 

Vascular anticholinergic action 


COUP. NO. 

DOSE 

PER CENT T.TTE.CT 

DERATION 


msm.fksm. 


minutes 

7 

1.000 

0-18 

0-5 

8 

1.000 

0-10 

0-9 

30 

1.000 

0 


11 

0.250 

80 

>45 


0.050 

60 

44 

12 

0.050 

40-90 

140 


0.025 

60 

36 

34 

0.100 

6S 

31 

16 

1.000 

0 


17 

1.000 

0 


Atropine Sulfate 

0.020 

83-100 

18-30 


0.010 

50 

35 


TABLE 6 


Acute toxicity of spasmolytic drugs inlraperiloncal in albino mice 


COUP. 

NO. 

APPROX. 1 

LDio | 

DOSE IN UGU./ECU. 

3 

430 

400 

1/2* 

440 

6/10 









5 

380 

300 

0/2 

320 

1/2 

340 

3/12 

360 

3/12 

380 

7/20 



6 

490 

400 

0/2 

440 

0/4 

480 

1/4 

500 

4/4 





7 

190 

ISO 

2/12 

200 

8/12 

220 

2/2 







8 

320 

260 

0/10 

280 

10/30 

300 

11/30 

320 

16/30 

340 

19/30 

360 

9/10 

9 

1 500 

400 

0/2 

440 

0/2 

4S0 

1/3 

500 

1/2 

520 

2/2 



28 

<60 

40 

1/2 

60 

1/2 

100 

2/2 

140 

2/2 





29 

130 

100 

1/10 

120 

11/30 

140 

9/12 

ISO 

2/2 





30 

440 

360 

2/10 

i 380 

4/10 

400 

4/14 

420 

8/18 

440 

1/4 

460 

4/4' 

31 

200 

120 

0/4 

140 

1/4 

180 

3/4 

220 

1/2 

260 

3/3 

300 

3/3 

10 

110 

80 

3/17 

100 

10/32 

120 

15/24 







11 

135 

100 

0/2 

120 

2/12 

130 

14/32 

135 

15/30 

140 

22/32 



32 

140 

100 

0/6 

120 

1/4 

140 

6/12 

160 

2/2 





33 

55 

40 

2/12 

50 

12/20 

60 

17/20 

80 

2/2 

100 

2/2 



34 

135 

120 

3/10 

130 

4/10 

135 

9/20 

140 

15/20 





35 

<60 

40 

2/2 

60 

4/6 

SO 

14/16 

100 

12/14 

135 

10/10 



12 

225 

160 

0/2 

200 

3/12 

220 

11/30 

240 

15/20 





37 

220 

160 

0/2 

180 

1/2 

200 

0/4 

220 

7/12 





38 

190 

160 

0/2 

ISO 

0/4 

200 

20/24 

220 

3/4 






* Dose in mgm./kgm. followed by number dead/number injected. 
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lence lasting for one to several hours. No evidence of physiological disturbances 
was noted during subsequent days. These findings may be taken as representa- 
tive of the series and closely resemble those reported by Necheles et al. (2) for 
toxic doses of /9-diethylaminoethyl diphenylacetate, and by Toda (11) for /3- 
piperidinoethyl acetyltropate (Navigan). 

Acute toxicity data obtained by intraperitoneal injection into albino mice 
suggest that /S-dimethylaminoethanol gives acetic acid esters of the lowest 
toxicity, 7-diethvlaminopropanol and 7-dimethylamino-d,|8-dimethylpropanol 
of the highest toxicity. In general, similar results were obtained with the 
glycolates of these alcohols. It should be noted that for any one aminoalcohol, 
the phenyl-a-thienylglycolates were distinctly more toxic than the phenyl-a- 
thienylacetates. A similar relationship was found between (3-diethylaminoethyl 
diphenylacetate and diphenylglycolate, the latter being distinctly more toxic. 
Meier and Hoffman (3) have shown the quaternary methochlorides or metho- 
bromides of a series of Trasentine-like esters to be more toxic than esters of the 
corresponding tertiary aminoalcohol. Compound no. 28, the only quaternary 
salt described in this series of compounds, was found to be much more toxic than 
the structurally similar tertiary amines, Nos. 8 and 30. The evidence indicates 
that for the anticholinergic esters described here toxicity is least with the /3-di- 
methyl- or /S-diethylaminoethyl di-a-thienylacetates or phenyl-a-thienylacetates. 

SUMMARY 

1. Anticholinergic spasmolytic compounds may be obtained by replacing the 
hydrogen atoms of various aminoalkyl acetates by phenyl, cyclohexyl, a-thienyl, 
or hydroxyl groups. 

2. Highly active spasmolytic compounds are obtained with trisubstituted 
acetates wherein an hydroxyl group is combined with a-thienyl, phenyl or cyclo- 
hexyl groups. 

3. The unsubstituted acetates of these aminoalcohols are cholinergic (musca- 
rinic). 
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The two ethers which are generally employed ns inhalntion anesthetics are 
symmetrical ethers, namely diethyl and divinyl ethers. Our previous studies 
with mixed ethers such as cyclopropyl methyl (1), cyclopropyl vinyl (2), and 
isopropenyl vinyl (3) ethers, prompted us to study the simple isomer of ethyl 
ether, i.e., n-propyl methyl ether. The relationship of this compound to ethyl 
ether is apparent from the following formulas: 


\ 

O 




CHs • CH; • CH- 


/ 


Ethyl Ether n-Propyl Methyl Ether 

Although n-propyl ethyl ether has been used ns an anesthetic by Brown and 
Lucas (4), our survey of the literature revealed no comprehensive studies with 
n-propyl methyl ether as an anesthetic agent. Marsh working in Leake’s labo- 
ratory studied the compound among other agents in correlating density' and 
anesthetic activity. (5). 

n-Propyl methyl ether is a volatile, colorless liquid with a characteristic ethe- 
real odor: the boiling point is 39°C. and the specific gravity 0.726 at 16°C. 

Anesthesia in the monkey. Three large Macacus rhesus monkey's were 
anesthetized with n-propyl methyl ether. The technic is described in detail in 
our former studies (I). The induction period was somewhat shorter than that 
with ethyl ether. Surgical anesthesia was uneventful; breathing was stertorous, 
deep and regular. Recovery' from anesthesia wns prompt ; more rapid than with 
ethyl ether, but not so rapid as with propethylene (3). There was little excita- 
tion during the recovery period. The quantities of the agent employed were 
slightly less than those used to produce similar anesthetic syndromes with ethyl 
ether. 

Anesthetic index (dog). The dogs employed were fed a diet, of “Purina Chow” 
one week prior to the experiment and fasted twelve hours immediately before 
anesthetizing. At least two day intervals elapsed between anesthesias in the 
same animal. The procedure was identical with that employed in our cyprome 


1 The expense of this investigation was defrayed in part by ft grant from the Ohio Chemi- 
cal and Manufacturing Company of Cleveland, Ohio. 
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ether (1) studies. The number of cubic centimeters of the agent per kilogram 
required to produce surgical anesthesia was divided into the volume required to 
produce respiratory arrest. The quotient was designated as the anesthetic 
index. The results are summarized in table 1. 

In our former studies with cyprome (1) and cypreth ethers (6) for comparative 
purposes, experiments were conducted with ethyl ether. In addition, six 
anesthetic index experiments were conducted with ethyl ether in these studies. 
The amount required to induce anesthesia with ethyl ether is 1.1 cc./kg. In 
summary, therefore, n-propyl methyl ether appears to be approximately 25 per 
cent more potent than ethyl ether upon induction. The toxicities and anesthetic 
indices of the two compounds are essentially the same. 

Blood pressure studies (dog). The effect of n-propyl methyl ether on the 
blood pressure was determined by anesthetizing the animal with ethyl ether. 


TABLE 1 


DOC NUMBER 

SEX 

WEIGHT 

INDUCTION 

RESPIRATORY 

PA1LURE 

ANESTHETIC INDEX 

1 

M 

9.2 

ccjkg. 

0.87 

cc./kg x 

2.4 

2.76 

2 

F 

6.5 

0.85 

2.4 

2.82 

3 

F 

6.1 

0.98 

2.5 

2.55 

4 

M 

5.8 

0.95 

2.0 

2.11 

5 

F 

7.3 

0.75 

2.1 

2. SO 

6 

M 

6.6 

0.83 

1-6 

1.93 

7 

M 

5.6 

0.72 

1.7 

2.36 

8 

M 

5.7 

0.97 

2.4 

2.47 

9 

M 

5.9 

0.76 

2.0 

2.63 

10 

F 

6.6 

0.76 

1.9 

2.49 

Mean 



0.84 

2.1 

2.49 


The blood pressure was determined in the usual manner by cannulating the 
carotid artery. The ether was removed and n-propyl methyl ether used as a 
substitute anesthetic agent. The respiratory tracings were made by means of 
a tracheal cannula and rubber tambour. The anesthesia was deepened to the 
point of respiratory collapse. The animal was then allowed to recover. The 
experiment was carried out on four animals and a typical tracing is shown in 
Chart 1. 

Electrocardiographic studies (dog and monkey). Two monkeys and 
four dogs were cardioscoped under n-propyl methyl ether at the various planes of 
surgical anesthesia. No significant abnormalities were observed. After surgical 
anesthesia of 20 minutes duration, permanent tracings of the E.C.G. were made 
\rith the four dogs. A typical tracing, Lead II, is shown in Chart 2 of the dog 
bb.ore and under surgical anesthesia. The rates of heart beat were slightly 
i increased; the R-spike slightly diminished in amplitude; the T-wave was neither 
inverted nor flattened. 
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Effect on the perfused heart (frog). n-Propyl methyl ether was dis- 
solved in Iiowell-Ringer’s solution and perfused through the frog’s heart in siln. 
Solutions containing 0.014 molar concentration produced a transient effect, lower 
concentrations produced no effect even upon prolonged perfusion. A typical 
tracing from one of six animals is shown in Chart 3. 



1 2 3 4 5 

Chart 1. Blood Pressure of Dog Under n- T rotyl Methyl Ether Anesthesia 

The upper tracing is respiration. 

(!) Ethyl ether anesthesia. 

(2) n-Propyl methyl ether anesthesia early stage. 

(3) After 20 minutes deep surgical anesthesia with n-propyl methyl ether. 

(4) Threatened respiratory arrest under n-propyl methyl ether anesthesia. 

(5) Three minutes after removal of anesthetic cone. 

Liver function tests (monkey). Six dogs were subjected to the brom- 
sulfalein liver function test as set forth in our studies with cyprethylene ether 
(2). The dye excretion period was 30 minutes. Twenty-four hours after GO 
minute anesthesias with n-propyl methyl ether, the dye excreted was not signifi- 
cantly different from the preanaesthetic rate. 

Blood chemistry studies (dog). Three dogs were anesthetized to the surgi- 
cal plane and then given more of the anesthetic until respiratory' arrest occurred 
according to the anesthetic index technic. Prior to anesthesia and 24 hours 
later, blood samples were drawn for analysis. No significant changes in carbon 
dioxide-combining power or urea nitrogen were observed. 
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Delayed anesthetic deaths. Ten adult rats were anesthetized with n- 
propyl methyl etlier to the surgical plane and maintained in this state for 30 
minutes. Four animals were sacrificed at the end of 2 weeks and no significant 



Anesthesia 

Chart 2. Electrocardiograms, Normal and Under r-Propyl Methyl 
Ether Anesthesia Twenty Minutes (Dog Lead II) 


findings were observed in the liver or kidneys. At the end of 3 weeks none of the 
animals had died or appeared to be in an unhealthy condition. 

Histological studies of viscera (rat, dog and monkey). Four of the 
rats used in the delayed anesthetic death studies were sacrificed and their liver 
and kidneys were found to be free from significant changes. Three dogs were 
anesthetized for 90 minutes each on 3 alternate days. Two of the dogs were 
anesthetized by the open drop method and one by the closed circuit method with 
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oxygen. On the sixth day after the first anesthesia liver biopsies wei e performed. 
There were no significant histological changes observed. 

Two Macacus rhesus monkeys were subjected to the proceduie of repeated 
anesthesias (GO minutes) as applied to the dogs. There were no significant 
histogical changes observed. 

Clotting time and hemolysis. The clotting time of the blood was de- 
termined in three normal dogs by the capillary tube method. The clotting time 
was between 30 and 45 seconds. Within the error of the experiment this period 
was neither diminished nor increased under surgical anesthesia with n-propyl 
methyl ether. 

Volumes of 10 cc. of n-propyl methyl ether in varying concentrations in normal 
salt solution were maintained at 30°C. At 30°C. no hemolysis occurred over a 16 
hour observation period in concentrations of 50, 100, and 150 mg. per cent. A 
saturated solution produced hemolysis within 1 minute similar to ethyl ether. 



1 2 3 


Chart 3. Effect of r-Propyl Methyl Ether on the Frog’s Heart 

(1) HowcII-Ringer’s Solution. 

(2) Incipient Effect n-Propyl Methyl Ether. 

(3) Same as “2” after 3 minutes. 

Preanesthetic medication (dog and monkey). In monkey’s, inducing 
n-propyl methyl ether anesthesia with nitrous oxide or cyclopropane-oxy'gen mix- 
tures was uneventful. Preanesthetic medication with pentobarbital sodium or 
morphine-atropine was found to be compatible with n-propyl methyl ether 
anesthesia. Eight experiments in all were conducted on three animals. 

Physical properties. Solubility in icater. A 10 cc. volume of n-propyl 
methyl ether was agitated vigorously with 100 cc. of water for two hours at 25°C. 
in a “Cassia Fiask." The two liquids were allowed to separate for 12 hours and 
the volume of supernatant ether measured. The solubility was found to be 5.0 
cc. per 100 cc. of water. Our value for anesthetic ether U.S.P. is 8.G cc. per 100 
cc. (1). 

Oil/walcr coefficient. The oil/water coefficient was calculated from the data 
set forth by’ Carr et al. (7) on the relationship between water insolubility and 
oil/water coefficient. The value for n-propyl methyl cthei is 10 ± 1, approx- 
imately double the value assigned to ethyl ether (1). 

Inflammability range. n-Propyl methyl ether is isomeiic with ethyl ether and 
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will therefore have approximately the same inflammability range. This is about 
2 per cent (lower limit) in air or oxygen (8). 

V apor pressure. The vapor pressure of n-propyl methyl ether determined at 
28°C. in a nitrometer is 520 mm., that of ethyl ether at the same temperature is 
597 mm. (9). 


SUMMARY AND CONCLUSIONS 

1. n-Propyl methyl ether, an isomer of ethyl ether is a volatile liquid, exhibiting 
anesthetic properties when administrated by inhalation to various species of 
animals. 

2. The potency of n-propyl methyl ether is approximately 25 per cent greater 
than that of ethyl ether. 

3. In the dog, n-propyl methyl ether anesthesia produces no functional liver 
damage as shown by the bromsulfalein test. In these experiments in the rat, 
dog and monkey anesthesias with n-propyl methyl ether produced no histo- 
pathological changes in the liver and kidneys. 

4. Neither the monkey’s nor the dog’s heart showed any significant electro- 
cardiographic changes under anesthesia with n-propyl methyl ether. 

5. The blood pressure of the dog remains essentially unaltered under anesthesia 
with n-propyl methyl ether. 

6. This isomer of ethyl ether compares very favorably with ether as an in- 
halation anesthetic in several species of animals. This first approximation of 
the anesthetic properties of n-propyl methyl ether, in our opinion, warrants its 
careful and judicious trial in man by skillled anesthetists. Extensive and in- 
tensive studies alone in human anesthesia will reveal whether or not this mixed 
ether will warrant a place in the armamentarium of the anesthetist. 

Addendum. These experiments having been completed, we deemed that the 
properties of n-propyl methyl ether warranted its trial as an anesthetic in man. 
On September 22, 1945 at 10:30 a.m., one of us, (J. C. K., Jr.), administered 
n-propyl methyl ether to an anesthetist, Constance Black, by the open drop 
method. The induction period was about 8 minutes. Light anesthesia was 
continued for 3 minutes. The recovery was rapid and uneventful. The in- 
duction period was not marked by any excitation. During the hiatus in con- 
sciousness there were slight movements of the legs. There were no significant 
changes in blood pressure or pulse rate during the entire procedure. The subject 
stated that the vapors did not irritate the upper respiratory tract. Thirty cubic 
centimeters of the agent were used. 
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The inactivation of s 3 Tnpathomimetic amines, particularly the /3-phenylethyl- 
amine derivatives 1 , by an amine oxidase enzyme system has received considerable 
attention since the report by Hare (1) in 1928 on the oxidative deamination of 
fKp-hydroxyphenyl) ethylamine ( lyramine ) by an extract of rabbit liver. The 
properties of the system have been investigated by a number of workers, particu- 
larly Beyer (2), who has recently reviewed his studies on some fifty chemically 
related amines. His results are of value in interpreting the relation of structure 
to metabolism and to pharmacological activity. 

The excretion of compounds of this type in the urine has also been the subject 
of much study since 1910 when Ewins and Laidlaw (3) demonstrated the con- 
version of 0-(p-hydroxyplienyl) ethylamine to p-hydroxyphenyl acetic acid in 
the dog. The fate of a-methyl-/3-phenylethy]amine ( amphetamine , Benzedrine) 
in man, dog, and rabbit has been studied rather extensively (4, 5, 6, 7). Slotta 
and Mtiller (8) have investigated the fate of /3-(3,4,5-trimethoxyphenyl) ethyl- 
amine ( mescaline ) in rabbits and man, and Richter (4) and Beyer and Lee (9) 
have reported on the excretion of certain other of these compounds following 
their administration to humans. 

The purposes of the present study were to determine the effect of amine oxidase 
on several unreported compounds of the $-phenylethylamine type, and to in- 
vestigate the excretion in a small laboratory animal of a series of compounds 
having interesting structural relationships. 

Experimental. Amine oxidase studies. Enzyme suspensions were prepared by homo- 
genizing rabbit or guinea pig liver with three volumes of phosphate buffer (pH 7.2 or 7.7) in 
a Waring blendor. The homogenates were used either immediately or after dialyzing 
against distilled water at 0”C. for twenty-four hours. 

Measurements were carried out in the conventional Warburg apparatus. In the Bide arm 
was placed 0.4 cc. of phosphate buffer containing 0.0025 mmol, of the amine hydrochloride. 
The liberated carbon dioxide was absorbed by 0.4 cc. of 20% potassium hydroxide on a small 
roll of filter paper. The main cell contained 1 cc. of the enzyme preparation. With the 
fresh liver preparations, 0.1 cc. of M/15 sodium cyanide was added to the suspension. This 
was replaced by 0.1 cc. of phosphate buffer when the dialyzed homogenates were used. The 
effect of sodium cyanide was similar to that of dialysis, in that both procedures led to greatly 
decreased consumption of oxygen by control samples of the enzyme preparation. 

Excretion studies. In this work, 0.05 mmol, of the amine hydrochloride was injected 
subcutaneously into male white rats weighing from 250 to 400 grams. Five times this dose 
was given in two instances in order to determine whether the quantity of amine adminis- 


1 In the interest of consistency, and in order to bring out the structural interrelation- 
eMp 3 , the compounds will be named in this paper as derivatives of fJ-plienylethylamine. 
Common or commercial names will also be given where applicable. 
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tered appreciably influenced the extent of excretion. Preliminary studies demonstrated 
that only insignificant quantities of amine were excreted after the first twenty-four hours; 
consequently the duration of the experiments was usually one day. To eliminate possible 
effects of diet, the animals were kept in metabolism cages without food but were given water 
ad libitum during the experimental period. An exception to this practice was made in some 



Pro. 1. Absorption or Oxygen by 0 -P henylethylamine and Derivatives 
in the Presence of Liver Homogenates 
Curve 1: 'N-Methyl-fl-methyl-fl-phenylethylamine {V onedrine) . 

Curve 2: /3-Methyl-3-phenylethylamine, 

Curve 3: 0 -Phenyl ethyl amine . 

Curved: 3-(p-HydroxyphenyI) ethylamine (Tyramine). 

tests with N-c thyl-N -me thyl-a-methyl -3-hydroxy -P-phenylethylamine ( Nclhaminc ), in 
which the influence of dietary variations was studied. 

The picric acid colorimetric method of Richter (4) was used in carrying out the analyses. 
With all compounds, at least- one series of tests was made in which an aliquot of the urine 
was boiled with hydrochloric acid before extraction in order to determine whether any of 
the compounds were excreted partially in a bound form. 

Discussion of results. Action of amine oxidase. Four compounds, of the 
ten studied, were oxidized in the presence of the liver preparations; results with 
these four are presented graphically in figure 1. The other six compounds, 
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a-methyl-fl-phenylethylamine {amphetamine, Benzedrine), a-methyl-jS-hydroxy- 
/3-phenylethylamine ( Propadrinc ), N-methyl-a-methyT/3-hydroxy-/3-phenyleth- 
ylamine ( ephedrine ) , N-ethyl-N-methyl-a-methyl-/3-hydroxy-0-phenylethylamiiie 
( Nethamine ), N-ethy’l-N-methyl-/3-methyl-/3-pheny'lethylamine, and 0-hydroxy- 
/J-methyl-/3-phenylethylamine, were not attacked under the experimental con- 
ditions used. 

The data confirm the principal conclusions of Beyer (2) concerning the in- 
fluence of structure on oxidation. However, significant differences were ob- 
served in the relative rates and extents of oxidation of the four compounds 
attacked. It would appear that, under the present experimental conditions, the 
presence of the /3-methyl group markedly affects the total oxygen uptake. 

Excretion studies. Percentage values for urinary excretion of the compounds 
are given in table 1. 

It will be seen that the four compounds having a-methyl substituents and the 
single di-/3-substituted compound are excreted to a considerably' greater extent 
than are those having neither of these structural characteristics. The excretion 
of the one tertiary amine that is unsubstituted in the a-position was found to be 
slightly higher than that of analogous primary and secondary' amines. 

It is interesting that two of the compounds, N-methyl-a-methy'l-/3-hydroxy- 
/3-phenylethylamine ( ephedrine ) and /S-hy r droxy-/9-methyl-/3-pheny'lethylamine, 
appear to be excreted in a bound form, since the values were increased by boiling 
the urine with hydrochloric acid. There was no evidence of conjugation with any 
of the other compounds. 

An increase in dose from 0.03 mmol, to 0.25 mmol, had no effect on percentage 
excretion in studies with two compounds, N-methyi-/3-methyI-/?-phenylethyIa- 
mine ( Vonedrine ) and N-ethyi-N-methy]-a-methyi-/3-hy'droxy-/3-phenyflethyia- 
mine ( Nethamine ). 

Effect of diet on excretion of Nethamine. In the case of X-ethy'l-X-methy'l- 
a-methyl-/3-hydroxy-/3-phenyiethy'lamine ( Nethamine ), it was found that the 
addition of 1 or 3 per cent of ammonium chloride to the stock diet increased the 
excretion of the compound from a normal average of 20 per cent to an average of 
30 and 33 per cent, respectively. Withholding of food, which might be expected 
to produce a mild acidosis, had a similar effect, leading to an average excretion 
of 25 per cent. Excretion of the amine was not affected significantly' by a diet 
containing 1 per cent of sodium bicarbonate, but, when the bicarbonate was fed 
at a 3 per cent level, urinary excretion dropped to an average of 14 per cent of the 
dose. 

Relationship to amino acid metabolism. The influence of certain vari- 
ations in chemical structure on the deamination of /3-phenylethylamine deriva- 
tives and of a-amino acids seems worthy' of mention. The pairs of compounds 
listed in table 2 bring out the principal structural relationships involved. In 
each case the carboxyl group of the amino acid replaces an a-hydrogen of the 
amine, and each of the amines contains a phenyl substituent in the /3-position; 
otherwise the structures around the a- and /3-carbon atoms are analogous. 

It is seen that those structural modifications which do not interfere with the 
deamination of the amines are also without influence on the deamination or 
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TABLE 1 


Excretion of P-phenylcthylamine derivatives by the rat 


COMPOUND 

COMMON* OK COMMERCIAL 
NVME 

no. o: 
ANI- 
MALS 

PER CENT OF DOSE I 
F URINE 

Average 

iXC&ETED IN 

Range 

C,H,— CH,— CH,— N-H 

\ 

H 

Phenylethylamine 

6 

1.7 ± 0.4 

0.9-3. 8 

c,h 5 -ch-ch,-n-h 

1 \ 

CH, H 


6 

4.2 ± 0.5 

2. 3-5.8 

C,H 6 — CH— CH,— N— CH, 

1 \ 

CH, H 

Vonedrine 

6 

3.0 ± 0.4 

0. 8-4.1 

C„H,— CH— CH,— N— CH, 

1 \ 

CH, C,H, 


6 

6.8 ± 1.0 

3. 1-9.9 

C,H, — CH, — CH — N — H 

1 \ 

CH, H 

Amphetamine, Ben- 
zedrine 

j 

6 

14.8 ± 2.0 

9.3-22.6 

C,H,-CH— CH— N— H 

1 1 \ 

OH CH, H 

Propadrine 

• 

6 

36.0 ± 6.6 

18.M2.S 

C,H S — CH— CH— N— CH, 

Ephedrine 

4 

Free: 27.2 ± 1.6 

22.0-30.0 

1 1 \ 

OH CH, H 


7 

Total: 42.7 ± 4.9 

32.0-65.6 

C,H, — CH — CH — N — CH, 

1 1 \ 

OH CH, C,H, 

Nethamine 

9 

25.4 ± 2.8 

10.0-40.1 

C,H,— CH— CH,— N— H 

1 \ 

OH H 

CH, 

| 


6 

3.1 ± 0.7 

1.5-6. 9 

C,H,— C— CH,— N— H 


5 1 

*ree: 43.7 ± 2.9 S 

15.8-51.3 

1 \ 

OH H 


8 1 

9ota]:65.3 ± 5.7 4 

19.2-94.1 


utilization of the corresponding amino acids. (As a partial exception, it has been 
shown that d(-) valine and d(-) isoleucine are not deaminated by the normal dog 
(10) and can not be used by the white rat for growth (11). However, the 
naturally occurring isomers are readily deaminated by the dog (10), and the d(-) 
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modifications are attacked by d-amino acid deaminase (12). It may be signifi- 
cant that the a-carbon atom in the amine of this type is not asymmetrically 
substituted.) 

On the other hand, the structural variations which tend to prevent deamination 
of the amines have a similar effect on the corresponding types of amino acids. 

TABLE 2 


Rclalitmship of structure to metabolism of amines and amino acids 



AMINE 

METHOD A REFER- 
ENCE 

AMINO ACID 

METHOD A REFER- 
ENCE 

Metabolized 

H H H 

1 1 / 

CsH*— C— C— N— H 

1 1 

H H 

Excretion (4) 
Enzymatic (19) 

H H H 

1 1 / 
CHx-C— C— N— H 

1 1 

H COOH 

Enzymatic (12) 


CH, H H 

l \ / 

CiHi — C C— N-H 

1 1 

H H 

Excretion (9) 
Enzymatic (2) 

CH, H H 

1 l / 
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While Blaschko el al. (13) have shown clearly that amine oxidase is a separate 
entity from amino acid oxidase, it nevertheless appears that the two systems may 
have a common mechanism of action. Since the carboxyl group may be expected 
to have a rather profound influence on the enzyme-substrate relationship, there 
may exist a specificity in affinity without any fundamental differences in the 
mechanism of deamination (cf. Bergmann (14)). 
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SUMMARY 

1. The principal conclusions of Beyer (2), concerning the deamination of 
/3-phenylethylamine derivatives by amine oxidase, have been substantially 
confirmed. 

2. Those compounds which are acted on by amine oxidase are also rather 
completely metabolized following administration to the rat. 

3. Compounds containing a methyl group in the a-position are excreted to a 
considerable extent, from 10 to 65 per cent of the dose. 

4. Two substituents in the /3-position tend to decrease the extent of destruction 
in the body. 

5. Tertiary amines may undergo destruction in the body if no other inhibiting 
groups are present. 

6. Two compounds having a hydrokyl group in the /3-position were found to be 
excreted by the rat partially in a bound form. The other compounds investi- 
gated appeared in the urine entirely in the free form. 

7. The excretion of the X-ethyl-N-methyl-a-methy]-/3-hydroxy-/3-phenylethyl- 

amine ( Nclhamine ) is increased by feeding a diet containing ammonium chloride 
and decreased by feeding a diet containing sodium bicarbonate. 

8. Possible relationships to the deamination of amino acids are discussed. 
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Among the antibiotic agents with high chemotherapeutic activity streptomycin 
(1, 2, 3, 4, 5, 6, 7, 8 ) has recently attracted considerable attention. This is due 
not only to its effectiveness against gram-negative bacteria which are not influ- 
enced by penicillin, but also to the relatively low toxicity which distinguishes it 
favorably from streptothricin, an antibiotic with otherwise very similar chemo- 
therapeutic properties, but with a systemic toxicity sufficiently pronounced 
(9, 10) to make its clinical parenteral use inadvisable. 

With the exception of a short preliminary report (8), no systematic study of 
the toxicological and pharmacological properties of streptomycin has yet been 
published and the data presented here are intended to serve this purpose. 

This study was begun in October, 1943 using a crude preparation of rather 
low potency, containing in 1 mgm. of solids the equivalent of only 30 micrograms 
of streptomycin base (30 units). 1 2 * * 5 Subsequently, material of greater purity and 
higher potency became available and finally pure streptomycin was included in 
the investigation. However, in view of the relative scarcity of pure streptomycin 
which at the present time makes impractical its use on a large scale, most of our 
experiments were conducted with streptomycin concentrates identical with 
those used in man. A total of approximately one billion units (equivalent to 
1 kgm. of pure streptomycin base) were required for this investigation, including 
approximately 50 grams of pure streptomycin; the potency of the streptomycin 
concentrates ranged from 30 to 600 micrograms of streptomycin base per mgm. 
solids. 


1 The work described in this paper was done in part under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and De- 

velopment and the Merck Institute for Therapeutic Research, Rahway, New Jersey. 

All streptomycin used in this study was supplied by the Research Laboratories of Merck 

& Co., Inc. 

5 One unit of streptomycin was originally defined as that quantity which will inhibit 
a given strain of E. coli in 1 cc. of nutrient broth or agar. The potency of a streptomycin 
concentrate is now expressed in terms of its equivalent in weight of pure streptomycin 
base, 1 microgram of the latter being equal to 1 unit in the former nomenclature. In this 
paper all doses expressed in terms of weight refer to weight of streptomycin base admin- 
istered and not to the actual weight of streptomycin concentrate. The following terms 
will be used: “pure streptomycin” for the chemically pure material with a potency of 
approximately 800 units per mgm.; “streptomycin concentrate” for preparations other 
than pure streptomycin, varying in potency from 30-600 units (30-600 micrograms strep- 
tomycin base) per mgm. solids. The name “streptomycin” will be used when the discussion 
deals with properties common to both pure streptomycin and streptomycin concentrates. 
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Toxicity studies. The acute and chronic toxicity of streptomycin was studied in 185 
frogs, 16,000 mice, 520 rats, 295 guinea pigs, 5 dogs and 42 monkeys. In view of a consider- 
able variation in the toxicity of individual lots, care was taken to use material from the 
same lot for each group of experiments, particular!}' when data for the comparison of the 
toxicity in different species were desired. Only in experiments which extended over many 
weeks or months was the use of different lots unavoidable, due to insufficient supplies. 

The animals were kept in air-conditioned quarters at a relative humidity of 50% and 
a temperature of 75°F. The mice and rats were of uniform strains obtained from the 
Carworth Farms. The mice (CFW strain) weighed between 15 and 20 grams, the rats 
(Wistar strain) 120 to 150 grams; for a limited number of experiments weanling rats were 
used. Mice and rats were fed a nutritionally complete laboratory diet. The animals 
were given free access to food and water, except as otherwise stated. Guinea pigs with an 
average weight of 375 grams were obtained on the open market and kept on a mixed diet of 
grain and greens. The monkeys were Macacus rhesus weighing between 3 and 6 kgm. 
They were kept under observation for at least three weeks before being placed on test; 
animals which during this time had lost weight or otherwise did not appear healthy were 
rejected. Monkeys were fed a mixed diet, consisting of Purina pellets, fresh fruits and 
vegetables. The dogs were mongrels weighing 8 to 11 kgm. and were maintained on a 
mixture of Gaines dog meal, fresh horse meat and milk. 

Acute toxicity. Mice; Typical mortality curves following subcutaneous and 
intravenous administration of pure streptomycin and streptomycin concentrates 
are shown in figure 1. Ten animals were used for each dose level of the strepto- 
mycin concentrates and five animals for each dose level of pure streptomycin- 
In this, as in all other experiments, subcutaneous injections were made under the 
abdominal skin, using a No. 25 needle and an average volume of 0.3 cc. for the 
injection. Intravenous injections were made at a uniform rate of 0.1 cc. per 
minute into the tail vein of mice or the fembral vein of rats. All animals were 
observed continuously during the first hour after injection, at hourly intervals 
for the next ten hours and daily thereafter up to ten days. 

The data shown in figure 1 reveal a rather pronounced difference between the 
toxicity upon intravenous and subcutaneous injection, the former being five to 
ten times greater. Almost immediately after the completion of the intravenous 
injection of a toxic dose the animals exhibited respiratory difficulties and lost 
consciousness; they apparently died from asphyxia, since the heart continued to 
beat for several minutes after cessation of the respiration. Death almost 
invariably occurred nothin five minutes; no delayed deaths were observed in 
animals surviving this critical period. 

Following a subcutaneous injection, the animals soon became restless, breathed 
with difficulty, lost their balance and lapsed into a coma in which they occasion- 
ally remained as long as one day prior to death. However, once the mice recov- 
ered from the initial effect of a near-fatal dose they remained alive and well- 
This is in striking contrast to the course of streptotjiricin poisoning, which is 
characterized by an apparent complete recovery from an initially non-fatal 
single dose but is often followed by a large number of late deaths due to progres- 
sive renal insufficiency. 

In view of the marked difference between the subcutaneous and intravenous 
toxicity and the fact that streptomycin is very rapidly excreted (1 1) a comparison 
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was made between tbe acute toxicity of a single dose and that of the same quan- 
tity distributed over several smaller doses. In one experiment, the lethal toxicity 
of a single subcutaneous injection was compared with that of eight divided 
doses of the same lot injected at three hour intervals. With the latter schedule, 
the mice tolerated an amount four times greater than the single L.D. 50. In 
another experiment the toxicity of a single subcutaneous dose was compared 
with that of the same amount given at six hour intervals over a period of eighteen 
hours. While the single subcutaneous administration of 750 mgm. per kgm. 
caused death of 9 out of 10 mice, 3 out of 10 tolerated as much as 1300 mgm. per 
kgm. of the same lot when injected in three equally divided doses. 


Hi 1 Si 1 



Fig. 1. Toxicity of Streptomycin in Mice 
The numbers in tbe rectangle indicate the lot of streptomycin concentrate used 

As previously mentioned, the acute toxicity of streptomycin in mice shows 
wide variations which are apparently not related to the potency (purity) of the 
lot used. This is illustrated in figure 2, which shows the acute L.D. 50 of 200 
different lots of streptomycin in relation to their potency. While the L.D. 50 
of the majority of those lots ranges between 350-700 mgm. per kgm., it may be 
seen that some of the samples with a potency as high as 400 to 450 micrograms 
streptomycin base per mgm. have an L.D. 50 as low as 150-250 mgm. per kgm. 
while others with low potencies of 100 to 200 micrograms streptomycin base per 
mgm. are tolerated at levels of about 1000 mgm. per kgm. Differences in the 
rate of absorption may play a part in the lack of correlation between potency 
and toxicity, as can be seen from the following experiments. 

Groups of mice were injected subcutaneously with 750-1500 mgm. per kgm. 
of a relatively pure material (about 800 micrograms streptomycin base per mgm.) 
and with the same number of units of a less potent preparation (300 micrograms 
streptomycin base per mgm.); the L.D. 50 of the latter was 1500 mgm. per kgm. 
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a's compared to 750 mgm. per kgm. for the more highly purified material. Within 
two to three minutes the mice injected with lethal doses of the high potency ma- 
terial showed severe respiratory depression and died in less than ten minutes; 
those injected with similar doses of the less purified concentrates exhibited the 
first signs of toxicity after thirty minutes and died after two hours. This indi- 
cates that the rate of absorption plays a role in determining the subcutaneous 
toxicity, although it is not the only factor influencing it. This is demonstrated 
by the fact that a similar lack of correlation between potency and toxicity of 



Gm/kg. moult 

Fig. 2. Acute Subcutaneous Toxicity in Mice of 200 Lots of Streptomtcin 

Abscissa: Subcutaneous L.D. 50 expressed in terms of grams streptomycin base. 

Ordinate: Potency of preparation expressed in terms of micrograms of streptomycin 
base per mgm. solids. 

different lots was observed after intravenous injection (fig. 3). This shows a 
comparison of the acute subcutaneous and intravenous toxicity of 2S lots of 
streptomycin varying in potency from 35 to 800 micrograms streptomycin base 
per mgm. Here also there is no consistent relationship between the potency of 
a lot and its intravenous L.D. 50, although the rate of absorption is eliminated 
as a factor. However, the difference in toxicity between samples of like potency 
are much less pronounced after intravenous administration. 

The acute oral toxicity of streptomj-cin was determined in only a small number 
of experiments, since it soon became apparent that factors other than those 
responsible for the toxicity upon parenteral administration greatly influenced 
the results. Although mice failed to die after doses of 5000 mgm. per kgm. of 
pure streptomycin, the administration of 1000-3000 mgm. per kgm. of strepto- 
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mycin concentrates was fatal. While in the late stages of poisoning the syptoms 
resembled those after parenteral administration (respiratory depression and 
coma) the earlier stages were characterized by pronounced restlessness and ex- 
cessive thirst. Upon autopsy the gastro-intestinal tract was found to contain 
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Fig. 3. Potency, Blood Pressure Effect and Toxicity of 28 Streptomycin Symples 
Light-shaded column: subcutaneous toxicity. 

Dark column: intravenous toxicity. 

Circles with letter h indicate degree of depressor activity in equivalents of histamine 
hydrochloride. 

Circles with letter p indicate potency in terms of micrograms streptomycin base per 
mgm. solids. 


an unusually large amount of fluid and showed multiple hemorrhagic lesions. 
These may have been due to the local irritating properties of streptomycin as 
well as the high concentration of the solutions necessary to a dmi nister an orally 
lethal dose. In order to examine this possibility, groups of 10 mice were given 
by stomach tube doses of sodium chloride corresponding in concentration and 
volume to doses of a streptomycin concentrate which were lethal. The doses 
of NaCl given were 1.5, 3, 3.75, 4.5 and 6 grams per kgm., corresponding to 
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doses of 2.5, 5, 6.25, 7.5 and 10 grams of streptomycin concentrate per kgm., 
equivalent respectively to 1000, 2000, 2500, 3000 and 4000 mgm. streptomycin 
Base. While with streptomycin concentrate the first deaths occurred at 5 grams 
per kgm. and the L.D. 100 was reached at 10 grams per kgm. deaths in animals 
dosed with comparable salt concentrations started at 6 grams per kgm. (cor- 
responding to 10 grams per kgm. of streptomycin concentrate). It therefore 
appears that toxicity following oral administration of large amounts of strepto- 
mycin is influenced by the high osmotic concentration of these solutions. Tins 
view is further supported by the observation that the concentration of strepto- 
mycin in the blood of mice dying from excessive oral doses (3000-4000 mgm. per 
kgm.) is relatively low (60-120 micrograms streptomycin base per cc.). This 
is considerably less than the concentration found after intravenous injection of 
large but non-fatal doses. 

Frogs: The acute toxicity of several streptomycin concentrates and pure 
streptomycin was determined in Rana pipiens by injection into the abdominal 
lymph sac of 0.2-0.8 cc. of aqueous solutions containing 25-100 mgm. of strepto- 
mycin base per cc. Five frogs were used at each dose level. After injection the 
frogs were placed in small individual metal containers with screen bottoms 
which were kept approximately 1 cm. below the water level of a thermostatically 
controlled tank filled with constantly changing water at 25°C. Continuous 
observations were made during the first hour after injection and at twelve hour 
intervals for the following three days. 

Within one minute a reddish area appeared at the site of injection, increasing 
in diameter and duration with the dose. Within approximately ten minutes 
the frogs became partially paralyzed. Although still responding to tactile 
stimuli, they exhibited increasing difficulty in righting themselves when placed 
on their backs. Within fifteen to twenty minutes a complete motor paralysis 
had developed; no respiratory movements were evident. However, in contrast 
to warm blooded animals which in this stage of poisoning would have died from 
respiratory failure, frogs often completely recovered after two to three days 
when kept partially submerged in water. 

The doses of streptomycin tolerated by frogs were approximately one and one- 
half times larger than the subcutaneous and fifteen times larger than the intrave- 
nous L.D. 50 for mice, but occasional lots of streptomycin concentrates were as 
toxic for frogs as for mice. 

Guinea pigs: A streptomycin concentrate with an (s.c.) L.D. 50 for mice of 
GOO mgm. per kgm. had in guinea pigs an L.D. 0 of approximately 200 mgm. per 
kgm., and an L.D. 50 of 400 mgm. per kgm., and an L.D. 100 of approximately 
700 mgm. per kgm. (s.c.). 

Monkeys: No acute experiments were carried out in monkeys, due to a lim- 
ited supply of these animals as well as of the drug. However, in the course of a 
large number of chronic toxicity experiments it was observed that in this species 
intravenous and occasionally' even subcutaneous injection of 30-70 mgm. per 
kgm. was followed by- marked respiratory depression, which at times necessitated 
the use of artificial respiration. These doses are considerably below those effec- 
ting comparable toxic signs in the mouse. 
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Chronic toxicity. Mice: A dminis tration of streptomycin to mice for a 
prolonged period of time was carried out on only a limited scale, because the 
relatively high incidence of deaths from non-specific causes seriously interferes 
with the interpretation of results. 

A group of 40 mice was given subcutaneous injections of 150 mgm. per kgm. 
per day for six days in three equally divided doses; another group of 20 mice 
received 1000 mgm. per kgm. in five divided doses daily by subcutaneous in- 
jection for six days. All mice remained normal during the period of drug admin- 
istration and a subsequent ten day observation period. Other groups of mice 
received for one month 150, 300, 600 and 1500 mgm. per kgm. per day, mixed 
with the diet. All animals remained normal. No gross pathological findings 
were observed in any of these experiments. 

Rats: In rats, the following chronic toxicity studies were performed. A 
group of 30 rats with an average body weight of 215 grams received by subcuta- 
neous injection 100 mgm. per kgm. streptomycin in three divided doses daily 
for seventy-two days. No toxic signs were observed except for an occasional 
local induration or sore at the site of injection. The average gain in body weight 
of the treated animals was 18%, compared with 19% for the controls and 28% 
for a group which had been dosed with streptomycin for only 16 days and had 
been kept under observation for the remainder of the time. All groups were 
sacrificed at the end of the seventy-two day period; no pathologic changes were 
found upon gross anatomical and histological examination. 

Two other groups of 20 rats received 400 mgm. per kgm. daily for eight days 
by subcutaneous injection and 400 mgm. per kgm. daily for six days by intra- 
venous injection. No adverse signs were observed in either group. 

Two groups of 60 weanling rats were given streptomycin incorporated in the 
diet at dose levels of 300 and 900 mgm. per kgm. of body weight. 3 Both groups 
grew at a rate only slightly below that of the controls. About the sixth week 
the rats receiving 300 mgm. per kgm. per day' exhibited nervous hyperexcitability. 
The group receiving 900 mgm. per kgm. per day developed these nervous signs 
within twenty-four hours after the beginning of the test, but remained other- 
vise normal. At autopsy no abnormalities were found. 

Guinea pigs: A group of 65 guinea pigs with an average body weight of 375 
grams was given for a period of six to eight weeks daily subcutaneous injections 
of 20, 30, 40, or 60 mgm. per kgm. of streptomycin in three divided doses. Fif- 
teen animals were used on each dose level and one group of 5 animals served as 
controls. With two exceptions, the animals gained an average of 100 grams 
and appeared to be well throughout the test; 2 animals on the 40 mgm. per kgm. 
level died fifteen days after the beginning of the test, apparently from non- 
specific causes. Gross pathological examination revealed no effects attributable 
to the drug. 

Monkeys: A group of 4 monkeys was given daily’ subcutaneous injections of 
25 mgm. per kgm. of streptomycin for sixty-six consecutive days. The material 

1 We arc indebted to Dr. Gladys A. Emerson and Miss Dorothy G. Smith for permission 
to use these data. 
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used for this experiment had to be taken from seven different lots, ranging in 
potency from 50 to 170 micrograms streptomycin base per mgm. and having an 
L.D. 50 for mice of 250-800 mgm. per kgm. All monkeys remained veil through- 
out the experiment, gained weight and showed no adverse effects, other than a 
slight anemia and skin irritation at the site of injection. In particular, there 
was no significant pathologic effect upon the kidney, as judged by frequent 
determinations of blood urea, chemical and microscopic examination of the urine, 
and histological examination of the tissue. 

Since in a comparison of the toxicological properties of streptothricin and 
streptomycin (determined earlier in this laboratory) it had been found that a 
five day period of drug administration was sufficient to produce in the monkey 
pathologic changes characteristic for the particular agent, it was decided to limit 
subsequent monkey experiments to five days of streptomycin administration 
followed by an observation period of at least ten days. Accordingly, a total of 
15 monkeys was given intravenous injections of 25, 50, or 200 mgm. per kgm. 
daily for five days. The two lower dose levels were administered in three por- 
tions, while the 200 mgm. per kgm. dose was distributed over six injections daily 
in order to minimize the respiratory depression resulting from intravenous ad- 
ministration of this amount. The material used in these experiments were pure 
streptomycin (800 micrograms streptomycin base per mgm.) and a streptomycin 
concentrate (400 micrograms streptomycin base per mgm.). There was 
essentially no difference in the results obtained with the two preparations. 
The animals injected with the two lower doses remained normal through 
the five day experimental and ten day observation period; no evidence 
of renal damage was found, but there was an occasional transient impairment of 
hepatic function as judged by the bromsulphalein retention test. One monkey 
which received 200 mgm. per kgm. daily died on the second day from respirator)' 
paralysis following the injection; the other survived the fifteen day period, but 
showed a transient proteinuria with a peak value of 0.9 gram protein per liter 
of urine. 

A group of 1G monkeys received streptomycin concentrates by subcutaneous 
or intramuscular injection in doses of 10, 50, 100, or 200 mgm. per kgm. In 
animals on the two lower dose levels no deleterious clinical effects were observed 
during the five day experimental and ten day observation period, except for 
occasional tenderness and sores at the site of injection. With the two higher 
dose levels there were likewise no significant changes during the dosing period, 
but during the following ten day observation period 3 of the 12 animals showed 
a transient proteinuria with peak concentrations of 2.G to 4.5 grams per liter; 
bromsulphalein retention was observed in 2 of the monkeys. 

All monkeys were autopsied 12-20 days after the last injection and gross and 
microscopic examinations were performed. In several animals, especially those 
injected intramuscularly, areas of necrosis with evidence of repair were present, 
at the sites of injecton. The most characteristic pathological finding attributable 
to the streptomycin treatment was the presence of a fatty metamorphosis in the 
liver and, less often, in the kidney. Only doses of 25 mgm. per kgm. or higher 
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produced this effect. No decrease in the glycogen content of the liver was 
observed. 

In order to determine whether the pathologic changes in the liver and kidney 
just described constituted a permanent damage or would disappear after the 
administration of streptomycin had been discontinued, 8 monkeys were dosed 
intravenously in the usual manner for five days with 25 mgm . per kgm. per day 
and were sacrificed in pairs at the end of the dosing period, after ten additional 
days, after one month and after two months of observation. Hepatic and renal 
function tests, hematologic examinations, blood urea determinations and chemi- 
cal and microscopic analyses of the urine were performed. 

There were only min or and transient functional changes and all animals 
remained outwardly healthy. Upon autopsy, the monkeys sacrificed one day 
after the last streptomycin injection showed a moderate amount of fat in the 
liver but none in the kidney. After ten days a larger amount was present in the 
liver and fat was also found to a slight degree in the kidney. After thirty days 
the fat had completely disappeared from the latter and was definitely less in the 
liver than previously. After sixty-six days all pathologic changes had disap- 
peared. The conclusion seems therefore justified, that the fatty metamorphosis 
in the fiver and kidney of monkeys resulting from a five day parenteral admin- 
istration of streptomycin is reversible. Whether this will be the case when the 
drug is administered over a much longer time or at a higher dose remains to be 
determined. The fact, however, that the monkeys injected with the same dose 
for sixty-six consecutive days had shown no pathologic changes exceeding those 
found after a five day administration of the drug makes it unlikely that the fatty 
metamorphosis observed after a few days is progressive and results in a severe 
and irreparable damage. 

Dogs: Five dogs were injected subcutaneously or intramuscularly for twenty 
days with 50 or 100 mgm. per kgm. daily in three divided doses. After one and 
one-half to two weeks all animals developed proteinuria of varying degree, 
reaching in 2 dogs 11.5 and 46 grams of protein per liter respectively; those 
animals which showed the most pronounced proteinuria also had a significant 
decrease in serum protein. The appearance of casts, epithelial cells and leuco- 
cytes also became a constant finding. At autopsy, the fiver of one dog which 
had received the larger dose was distinctly yellow and the median lobe had pale 
areas suggestive of necrosis. Pale streaks were present in the cortex of the 
kidneys. Sudan IV stains revealed considerable lipoid in the central portion of 
the nephrons, but only a relatively small amount in the fiver. A slight degree 
of tubular necrosis was observed in one dog, which had shown severe proteinuria. 

Three of the 5 dogs also developed a change in gait and posture, which sug- 
gested a labyrinthine or cerebellar disturbance. The head was usually cocked 
to one side and they tended to walk with an unsteady, wavering gait. An 
impairment of their auditory acuity was suggested by failure to respond 
normally to sudden noises. Hinshaw and Feldman (12) have recently reported 
similar findings in several patients which received large doses of streptomycin 
for prolonged periods. 
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Influence of rate of injection: In view of the probability that streptomycin 
might be given clinically by slow intravenous drip, this method of administration 
was investigated in 2 monkeys weighing 3.9 kgm. and 3.8 kgm. respectively. 
The animals were lightly anesthetized with nembutal (30 mgm. per kgm.) 
and aqueous streptomycin solutions of varying concentrations were infused at 
constant speeds. The dosage of streptomycin was 200 mgm. per kgm. per hour 
and 120 mgm. per kgm. per hour respectively. The first monkey died after 
a total of 440 mgm.; the second monkey tolerated a total of 1920 mgm. over 
a forty-two hour period. No significant changes in the heart rate, respiratory 
rate and temperature were observed in this animal, whereas the animal receiving 
streptomycin at tllb higher rate of infusion (200 mgm. per kgm. per hour) exhib- 
ited respiratory depression of a type similar to that observed after intravenous 
injection of streptomycin into smaller animals. 

Rats anesthetized with 30 mgm. per kgm. of nembutal were given streptomycin 
infusions into the femoral vein at the rates of 600, 180 and 40 mgm. per kgm. per 
hour. Respiratory movements and carotid blood pressure were recorded in all 
experiments. At the highest rate of infusion the respiration stopped within 
approximately six minutes, and at the intermediate rate within approximately 
twenty minutes. The heart continued to beat for four to six minutes after 
cessation of the respiration. The rats receiving the drug at the slowest rate 
showed no noticeable adverse effects when the experiment was terminated after 
one and one-half hours, after administration of approximately 60 mgm. of strep- 
tomycin per kgm. On the other hand doses of 40 or 50 mgm. per kgm. were 
fatal when given at more rapid rates of injection. 

Local effects. The local effects of sixty-five different lots of streptomycin 
including the pure material were tested in rabbits, guinea pigs, monkeys and 
dogs by application to the eye and buccal membranes, by injection into the 
depilated abdominal skin and by intrapleural, subcutaneous and deep intramus- 
cular injection. The pH of the solutions varied between 6 and 7. 

Eye: The experiments on the eye were conducted by instilling a solution 
containing 8 mgm. of streptomycin base per cc. into the conjunctival sac of lightly 
anesthetized rabbits and permitting it to remain for periods up to thirty' minutes. 
In another series of tests an ointment containing 1 mgm. of streptomycin in 1 
gram of an inert opthalmic ointment base was applied to the eye with a glass 
rod. Continuous observations were made during the first hour following the 
application and at less frequent intervals during the next five days. Except 
for an occasional redness of the coujunctivae which appeared shortly after the 
application and persisted up to twelve hours, neither the solution nor the oint- 
ment produced any' other noticeable effects. This is in striking contrast to the 
action of streptothricin, which in addition to a much more violent immediate 
reaction produces a delay'ed effect, consisting of a suppurative conjunctivitis 
with destruction of the cornea (9). 

In spite of considerable variations in potency, the streptomycin lots used for 
these experiments differed only slightly in the degree to which they produced the 
transient irritation; it was also observed with the pure material and seemed to 
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depend ns much, upon the sensitivity of the individual test animal as upon the 
properties of the particular lot. 

Buccal membranes: The effects of topical application were determined by 
applying the above ointments to the buccal membrane of dogs for fifteen minutes. 
No immediate or late effects were observed nor did the animals exhibit any signs 
of discomfort. 

Inlrademal injection: The effects of intradermal administration were tested 
by injecting into the depilated abdominal skin of guinea pigs 0.1 cc. of buffered 
solutions containing 1, 2 or 4 mgm. of streptomycin per cc. Considerable 
variations were found among sixty-five lots examined in this manner. As a 
rule, however, the effects were not serious, consisting of a slight reddening at 
the site of injection, occasionally followed by formation of a reddish and slightly 
upraised small blister which disappeared within one to two days, leaving a dry, 
pinpoint sized crust in the center of the affected area. Formation of a heavier 
crust and a persistent thickening at the site of injection was noted only once 
with the 1 mgm. per cc. concentration and only five times with the 4 mgm. per cc. 
concentration and was independent of the potency of the material. It was also 
observed with pure streptomycin. 

Intrapleural injection: In view of the possible use of streptomycin in the 
treatment of empyema, three groups of two rabbits each were given a single 
intrapleural injection of 1, 10 or 100 mgm. per kgm. of a lot which had shown 
only very slight local irritation when tested by instillation into the eye and by 
intradermal injection. The concentrations of the solutions were such that each 
animal received the selected dose in 1 cc. per kgm. body weight. All animals 
were sacrificed and examined on the fourth day after injection. In the rabbits 
treated with the lowest dose a slight amount of pleural fluid was found and the 
diaphragm was slightly congested. More fluid and greater congestion were 
induced by the larger doses and the animals injected with 100 mgm. per cc. per 
kgm. showed small areas of hemorrhage and fibrinous adhesions between the 
lung, diaphragm and pleural wall. 

Subcutaneous injection: Following subcutaneous injection, local irritation 
consisting of edema, hemorrhage and necrosis with or without ulceration of the 
epidermis was occasionally observed. These reactions were found in every 
species examined and varied greatly in intensity with the different lots-, they 
were definitely more severe with the earlier, less purified material, but were also 
present with high potency concentrates and pure streptomycin. 

Intramuscular injection: Essentially similar reactions were produced by 
intramuscular injections. Neither the subcutaneous nor the intramuscular 
injection seemed to be accompanied by a marked degree of pain, although dogs 
injected with concentrated solutions of streptomycin (100 mgm. per cc.) into the 
muscles of the hind legs exhibited signs of local discomfort and limped for several 
hours after the injection. 

Intravenous injection: No signs of local damage were found in the veins 
following repeated intravenous injections of streptomycin solutions in concen- 
trations up to 08 mgm. per cc. Following a forty-two hour continuous infusion 
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of a solution containing 3.2 mgni. of streptomycin per cc. one monkey showed 
evidence of thrombus formation at the site of the cannula due possibly to the 
mechanical trauma. 

The various manifestations of local irritation were observed after single as 
well as repeated administration of the drug. They were generally more pro- 
nounced with material of low potency and higher ash content, although the}' 
were also noted with pure streptomycin. Samples containing less than 0.1 
mgm. of streptomycin base per mgm. of solids almost invariably caused severe 
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Fig. 4. Comparison of the Circulatory Effect of Different Lots of 
Streptomycin in a Cat 
(30 mgm. per kgm. Nembutal i.p.) 

A: 0.003 mgm per kgm. histamine hydrochloride. 

B: 5000 units (5 mgm. streptomycin base) per kgm. of streptomycin concentrate Lot 169 

C: 5000 units (5 mgm. streptomycin base) per kgm. of streptomycin concentrate Lot 162. 

D: 10,000 units (10 mgm. streptomycin base) per kgm. of streptomycin concentrate 
Lot 162. 

E: 10,000 units (10 mgm. streptomycin base) per kgm. of streptomycin concentrate 
Lot 879S. 

F: 10,000 units (10 mgm. streptomycin base) per kgm. of pure streptomycin hydro- 
chloride. 

Note the similarity of A, B, and E and the absence of blood pressure effect with com- 
parable doses in C, D, and F. 

local reactions. It appears that in such samples the degree of local as well as 
systemic side-effects is directly related to the potency of the material. 

Pharmacodynamic effects. The acute pharmacodynamic effects of strepto- 
mycin depend to a large degree upon the purity of the preparation. This is 
due to the fact that streptomycin concentrates often contain contaminants, 
which mask the properties of the pharmacodynamically far less active strepto- 
mycin. One such contaminant has histamine-like properties. 

Circulatory effects. Streptomycin concentrates: Lots containing the hista- 
mine-like factor to any marked degree cause in a variety of animal species (mice, 
rats, rabbits, guinea pigs, cats, dogs) almost all the effects of histamine, partic- 
ularly a sudden fall of the arterial blood pressure and a peripheral vasodilatation. 
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The heart itself is not appreciably affected, as evidenced by electrocardiograms 
taken at the height of acute streptomycin poisoning; it continues to beat regularly 
even after administration of doses which stop the respiration and cause a pro- 
nounced fall of the blood pressure (fig. 4). These marked circulatory effects 
are, however, largely due to the histamine-like contaminant; material which is 
free from it, as well as pure streptomycin, affects the circulatory system to a far 
lesser degree. Rabbits under ether anesthesia respond to an intravenous in- 
jection of a streptomycin concentrate containing this contaminant with a rise 
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Fig. 5. Similarity of the Effect of a Streptomycin Concentrate and Histamine 
Hydrochloride on the Blood Pressure of a Rabbit under Ether 
Anesthesia 

1. Histamine hydrochloride 0.025 mgm. per kgm. 

2. Streptomycin concentrate 12.5 mgm. per kgm. 

in blood pressure similar to that caused by histamine under such conditions 
(fig. 5). 

Pure streptomycin: Intravenous injection of doses up to approximately 10 
mgm. per kgm. of pure streptomycin or an equivalent amount of a material free 
from the histamine-like factor, has practically no effect upon the blood pressure 
of the cat (fig. 6). Larger doses of pure streptomycin up to approximately 20 
mgm. per kgm. slightly depress the blood pressure, but this effect, in contrast 
to that of impure material, is rather gradual in onset and recovery and is not 
accompanied by the striking manifestations of peripheral vasodilation, partic- 
ularly flushing of the ears and facial and abdominal skin, which are observed 
after injection of many streptomycin concentrates. Very large doses (120-375 
mgm. per kgm.) usually cause irreversible effects. The blood pressure falls to 
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levels of 10-15 mm. Hg. and may remain there for several hours if artificial 
respiration is maintained. During this period of respiratory and vasomotor 
paralysis, the heart continues to beat regularly. Death from such excessive 
doses is probably due to paralysis of the vasomotor centers, which in this stage 
cease to respond to such central stimuli as increased carbon dioxide tension, 
metrazol or picrotoxin. 

Respiratory effects. The respiratory effect of streptomycin depends upon the 
dose and the purity of the material. Very small doses, in the order of 0. 1-0-2 
mgm. per kgm., increase both frequency and amplitude. Larger doses cause 



Fig. 6. Circulatory Effect of Pure Streptomycin in a Cat 
(35 mgm. per kgm. Nembutal s.c.) 

1. Histamine hydrochloride 0.0001 mgm. per kgm. 

2. Histamine hydrochloride 0.00005 mgm. per kgm. 

3. Pure streptomycin 5 mgm. per kgm. 

4. Pure streptomycin 10 mgm. per kgm. 

5. Pure streptomycin 20 mgm. per kgm. 

Note the absence of depressor effect with 5 and 10 mgm. per kgm. and the gradual fall 
with 20 mgm. per kgm., as contrasted to the sharp drop caused by histamine. 


respiratory depression, which in non-anesthetized animals is one of the first 
signs of acute streptomycin poisoning. Thus, non-anesthetized monkeys in- 
jected intravenously at a slow rate with 70 mgm. per kgm. of a histamine-free 
lot of streptomycin in neutral solution, developed severe respiratory distress 
immediately after the injection. The breathing became slow, irregular and 
gasping and necessitated the application of artificial respiration in order to carry 
the animals through the critical period of approximately fifteen minutes. Even 
these measures, however, failed to prevent the death of one monkey from respir- 
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atory paralysis. Treatment of a surviving animal with the same total amount 
of streptomycin, but divided in two doses of 35 mgm. per kgm. two hours apart, 
greatly reduced the acute respiratory depression. On the other hand, admin- 
istration by the subcutaneous route of 70 mgm. per kgm. also had an occasional 
but less severe effect upon the respiration. 

Effects on renal function. The effect of streptomycin on renal function was 
examined in monkeys, dogs, guinea pigs, rats and mice. Two types of experi- 
ments were conducted: (a) five hour observation of the water diuresis after 
administration of a single, relatively large dose of streptomycin; (b) observation 
of the overnight urine volumes (eighteen hours) during and after a prolonged 
course of streptomycin administration. The latter type of experiment was 
considered to be particularly important not only because it more closely resem- 
bled the conditions likely to be found in the clinic, but also because temporary 
impairment of renal function following intravenous therapy with an early lot 
of streptomycin had been reported (13). 

This particular lot, which in man apparently had been responsible for the 
development of oliguria, proteinuria and hematuria, as well as a large number 
of other lots of varying potency, were injected into mice and rats over periods 
ranging from one day to eight weeks. During this time as well as for two weeks 
thereafter, renal function tests were conducted in the usual manner by measuring 
the volume and specific gravity of the urine and performing chemical and micro- 
scopic urinalyses. The following series of experiments were performed: 

In rats: (a) 100 and 200 mgm. per kgm. in single subcutaneous doses; (b) 
100 mgm. per kgm. subcutaneously in divided doses daily for five days; (c) 100 
mgm. per kgm. subcutaneously daily for eight weeks, with diuresis tests every 
seventh day. 

In mice: (a) 25% and 50% of the L.D. 50 of a streptomycin concentrate 
(400 and 800 mgm. per kgm.) injected subcutaneously in eight divided doses over 
a twenty-four hour period; (b) 150 and 300 mgm. per kgm. injected daily sub- 
cutaneously in three divided doses for seven days. 

In guinea pigs: 30 mgm. per kgm. injected subcutaneously in three divided 
doses over a twenty-four hour period with daily diuresis tests for the following 
six days. 

All of the above experiments were performed with several lots of streptomycin 
and were repeated with the same lot in several groups of animals. No indications 
of renal damage were noted in any of these experiments either intra vitam or at 
autopsy. The lot which had caused nephrotoxic effects in man failed to affect 
in a similar manner small experimental animals; the small quantity available 
prevented its investigation in larger animals which might have been more sus- 
ceptible, as judged from later experiments with other lots. 

As sufficient streptomycin became available, similar studies were performed 
in monkeys with a large number of lots of varying potency, including pure 
streptomycin. The following doses were given to a group of 19 monkeys: (a) 
25, 50, 100, and 200 mgm. per kgm. subcutaneously in three daily divided doses 
for five consecutive days; (b) 100 and 200 mgm. per kgm. subcutaneously for ten 
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days ; (c) 25, 50 , and 200 mgm. per kgm. intravenously in three or six divided 
doses for five days. 

Renal function experiments were performed during the dosing period and the 
subsequent observation period. The principal findings were as follows: 1) 
phenolsulphonphthalein excretion remained unchanged; 2) some of the animals 
which received the larger doses developed proteinuria; 3) blood urea values 
increased in almost every animal after the five day dosing period, but remained 
in the upper normal range; 4) the overnight urine volumes were occasionally 
decreased ; 5) except for 2 monkeys dosed with a low potency material, biochem- 
ical findings in the blood remained essentially unchanged. The latter 2 monkeys, 
however, which were dosed with a material containing only 0.03 mgm. of strepto- 
mycin base per mgm. of solids showed a decrease in serum protein level to 4.G 
grams per cent but when drug was discontinued, the level returned to normal 
(7.5 grams per cent) within 2 weeks. Furthermore, on the third day of dosing 
they showed inflammation at the site of injection and in addition developed 
edema of the abdominal skin and genital region extending to the upper portion 
of the legs; fluid withdrawn from the edematous region clotted within a few 
minutes and the supernatant liquid showed a protein content of 3 per cent. 

Intravenous injection of 25 mgm. per kgm. of pure streptomycin or of a 
streptomycin concentrate free from the histamine-like impurity had no effect 
on the six hour water diuresis; 200 mgm. per kgm. administered subcutaneously 
or intravenously caused only a slight decrease in the 18 hour urine volumes. In 
contrast to this, overnight urine volumes were depressed in animals treated 
with streptomycin concentrates of average purity and containing the histamine- 
like factor. In all cases the change followed the same trend, although to a vary- 
ing degree; it consisted of an initial decrease, most pronounced during the first 
days of the dosing period, which completely disappeared in the following ten 
day drug-free observation period. The decreases in overnight urine volumes 
of 4 monkeys after one day were 75, 18, 67, and 80 per cent respectively; urine 
excretion was again normal on the tenth day. 

The acute effects of streptomycin on water-diuresis were investigated in rats. 
Three cc. of tap w r ater per 100 grams body weight were administered by stomach 
tube in the morning and the rats were then kept in groups of five without water 
and food for an additional three hours, after which they received 5 cc. of tap 
water per 100 gm. body weight with a dose of pure streptomycin or streptomycin 
concentrate. The doses employed were in each case 250 and 500 mgm. per kgm. 
The urinary’ output w r as measured at hourly intervals for five consective hours. 
The results obtained at the 250 mgm. per kgm. level are presented in figure 7. 

It can be seen that there was a considerable difference between the effects of 
pure streptomycin and those of a streptomycin concentrate. The shape of the 
diuresis curve was only slightly influenced by 250 mgm. per kgm. of pure strepto- 
mycin: with 500 mgm. per kgm. the rate of excretion was somewhat retarded, 
but the five hour total remained approximately the same. In contrast to this, 
the streptomycin concentrate caused at both dose levels a pronounced retardation 
of the diuresis and the five hour total urinary excretion was less than one-half 
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of that, in the control test. The lot which had caused nephrotoxic effects in 
man (13) similarly depressed the water diuresis in rats. This inhibitory effect 
was still noticeable when a control water-diuresis test was per orme on t e 
following day, but it disappeared completely on the third day after drug admin- 
istration (fig. 8). 

Effect on smooth muscle. The pharmacodynamic effects of streptomycin on 
smooth muscle were studied in the isolated rabbit intestine and the isolated 
guinea pig uterus. Pure streptomycin as well as streptomycin concentrates 

BATE OF EXCRETION TOTAL VOLUME 

A control Sce.wotor o»r too body wolght 

B Puro Streptomycin 250 mgm. per kgm. sc. 

C Streptomycin Concentrote 250 mgm.perkgm.se. 




Time In Hours 

Fio. 7 . Effect of Pure Streptomycin and Streptomycin Concentrate on the Water 

Diuresis of Rats 
Average of 5 rats 

produced relaxation of both organs when 5-10 mgm. were added to a bath con- 
taining 100 re. of Locke’s solution. The effect differed, however, with the type 
of material used, depending upon the amount of impurities which they contained. 

Discussion. The study of approximately three hundred different lots of 
streptomycin, including the pure compound, reveals great qualitative as well as 
quantitative differences between materials of equal chemotherapeutic potency 
but varying purity. These differences greatly interfere with the analysis of the 
pharmacological and toxicological properties of this new agent, since some proper- 
ties of the average clinically used material are apparently due to traces of impuri- 
ties rather than to the active principle itself. In this respect streptomycin 
resembles other antibiotics such as penicillin and streptothricin which vary in 
their chemotherapeutic, pharmacodynamic and toxicological effects, depending 
upon the method of preparation. In addition to controllable conditions such as 
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the constancy of the parent microbial strain, the composition of the nutrient 
medium, culture method, duration of incubation, extraction procedure, and 
further purification, there always exist certain biological factors which cannot be 
readily controlled. Prominent among these is the possibility of a natural vari- 
ation of the culture, especially with regard to its metabolic reaction, which may 
result in the formation of a product with different chemotherapeutic and pharma- 
codynamic properties (14). This is well illustrated by the chemotherapeutic 
differences reported to exist between penicillin X and penicillin G (15, 16, 17) and 
the variation in toxicity observed in two types of streptothricin produced from 
different media (9). Since none of the present antibiotics is generally available 

RATE OF EXCRETION TOTAL VOLUME 

A See. water per 100 flm. 8-21-45 



Time in Hour* Time in Doye 

Fig. 8. Re covert from Antidiuretic Effect of Impure Streptomycin 
Average of 5 rats 

in the form of a chemically pure compound and even the most careful standardiza- 
tion of production methods cannot give complete assurance that the composition 
and total amount of impurities in a concentrate will remain constant, it becomes 
necessary to control each individual lot by biological assays. This is already a 
pharmacopoeia requirement for penicillin, although this agent has rarely shown 
toxic effects; it becomes far more necessary for streptomycin which even in its 
pure form possesses definite toxic properties and in the form of the presently 
available concentrates is more likely to contain phnrmacodynamieally active 
contaminants. 

Our study of the pharmacological and toxicological properties of pure strepto- 
mycin as well as streptomycin concentrates has indicated that more than one 
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type of bioassay will be needed, since at least two different types of pharmacody- 
namically highly active impurities are likely to be encountered. 

When administered in sufficiently large doses, pure streptomycin as well as 
streptomycin concentrates were found to produce death in every' animal species 
examined. The lethal doses varied for the different species but were always far 
in excess of those needed to obtain therapeutically' effective drug concentrations 
in the blood. The ratio of the L.D. 50 for different routes of administration 
progressed from approximately 1:10:25 for the intravenous, subcutaneous, and 
peroral route of administration, respectively. The last figure, however, is of 
questionable significance, since the amount of streptomycin necessary to produce 
death by oral administration is so large that unspecific (osmotic) factors are 
certain to complicate the findings. 

The signs observed after administration of lethal doses vary little with the 
different routes of administration and consist of restlessness, respiratory impair- 
ment, loss of balance, unconsciousness, motor paralysis and coma. No character- 
istic gross anatomical or histological changes were found in animals dying from 
an acute overdose, except in the case of oral poisoning, where multiple hemmor- 
rhagic lesions in the gastro-intestinal tract were observed. It was found 
however, that oral administration of sodium chloride in a solution of equal 
tonicity produced lesions similar to those found in animals fed fatal doses of 
streptomycin. 

The amount of streptomycin necessary' to cause death upon parenteral admin- 
istration was found to have no direct relationship to the potency of the prepa- 
ration. For example, the subcutaneous toxicity' of pure streptomycin in mice 
was found to be approximately 1500 mgm. per kgm.; a streptomycin concentrate 
of only one-fourth the potency of this material had approximately the same L.D. 
50, while another lot of one-half the potency had an L.D. 50 of 350 mgm. per 
kgm.; the intravenous L.D. 50 of these three materials was 250 mgm., 125 mgm. 
and 85 mgm. per kgm., respectively'. The rate of absorption from the subcuta- 
neous tissues varies with different streptomycin lots. This can in part explain 
the variation in the subcutaneous toxicity of lots of equal potency. It can, 
however, not account for the differences found after intravenous injection. We 
must assume, therefore, that an impurity' not revealed in the microbiological 
assay is responsible for differences in the intravenous toxicity of lots of the same 
potency. This is further indicated by the fact that of twenty'-eight different 
lots examined for intravenous toxicity (fig. 3) none was found to be less toxic 
than pure streptomycin, while twenty-six exceeded its toxicity' up to four times. 

Great variations were also noted in the morbid toxicity of streptomycin, par- 
ticularly in the effect upon the blood pressure. Pure streptomycin in doses up 
to 10 mgm. per kgm. has practically no effect upon the blood pressure of an an- 
esthetized cat; larger doses produce a gradual fall, followed by an equally gradual 
recovery; and only large doses (75 mgm. per kgm. and more) depress the blood 
pressure to very low levels. 

Some lots of streptomy'cin concentrates are as free from tiffs depressor effect 
as pure streptomycin itself; the majority, however, cause a pronounced fall of 
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the arterial blood pressure, which in contrast to that produced by excessive 
doses of pure streptomycin is quite sudden and closely resembles that produced 
by an intravenous injection of histamine. In cats of equal sensitivity to hista- 
mine the doses of streptomycin concentrates necessary to lower the blood pres- 
sure vary from 0.005 mgm. to 2 mgm. per kgm., a futher indication that this 
depressor effect is due to impurities and not to streptomycin itself. There is, 
however, no close correlation between the degree to which individual lots pro- 
duce the depressor effect and their intravenous and subcutaneous lethal toxicity. 
We assume therefore that at least two different contaminants may frequently 
be present in streptomycin concentrates. The exact chemical nature of these 
impurities is not yet known; we have, however, been able to remove the one 
causing the vasodepressor action by incubation with histaminase* and the con- 
clusion seems therefore justified that it may be related to histamine. 

TABLE 1 


Lethal toxicity of highly •purified streptomycin samples 


SAMPLE NUMBER 

POTENCY, MICRO- 
CRAMS STREPTO- 
MYCIN BASE PER 
MGM. 

BLOOD PRESSURE 
(HISTAMINE -LIKE) 
EFFECT 

L.D. 50, MGM. PER KCM. 

RATIO OF INTRA- 
VENOUS TO SUB CD- 
TANEOUS 1J>. M 

Intravenous 

Subcutaneous 

9327 

800 

negative 

75 

300 

if 

9271 

800 

negative 

100 

600 


320 

800 

negative 

145 

600 

| , ' 

8798 

670 

negative 

150 

750 


225 

700 

negative 

170 

850 

1:5 

3S9 

800 

negative 

187 

750 

1:4 

9S03 

750 

negative 


1250 


9767 

750 

negative 


1150 

1:4- 


Such treatment of a streptomycin concentrate containing the histamine-like 
factor also decreased the inhibitory effect on water diuresis in rats. It was, 
however, without effect on the subcutaneous and intravenous toxicity in mice. 
A further indication that the histamine-like factor is not the only one influencing 
the toxicity may be seen from the data presented in table 1. This shows the 
acute L.D. 50 upon intravenous and subcutaneous administration of eight highly 
purified streptomycin samples which had approximately the same potency (670- 
800 micrograms streptomycin base per mgm.) and were free from the histamine- 
like contaminant. While the ratio between the lethal doses after intravenous 
and subcutaneous administration remained relatively constant for any given 
sample, a four-fold difference in the magnitude of the lethal dose existed between 
the least and the most toxic sample. 

While the pharmacodynamic effects of large parenteral doses of streptomycin 
are quite marked, they are nevertheless not likely to have great practical impli- 
cations. In the mouse, the ratio between a chemotherapeutically effective and 

4 We are indebted to Dr. M. L. Tainter of the Winthrop Chemical Company for supplying 
us with histaminase. 
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a lethal dose is from 1 to 100 upward. Other species, such as dogs, cats and 
monkeys, are known to be more susceptible to the pharmacodynamic effects of 
streptomycin or its contaminants; nevertheless, the nature of these acute side- 
effects is such that it is most unlikely that they could create a serious hazard in 
the clinical use of t his drug. It is more important to have information on the 
chronic toxicity of streptomycin since patients suffering from tuberculosis, 
brucellosis or similar chronic infections may require its administration for a 
long time. 

Streptomycin is toxicologically not as inert as penicillin, but it nevertheless 
appears to be one of the least toxic chemotherapeutic agents. Rats, mice and 
guinea pigs treated for several months with large doses showed no significant 
pathological changes. Experiments in monkeys and dogs, however, produced 
definite signs of toxicity, consisting of occasional retention of bromsulphalein, 
a transient anemia, mild to severe proteinuria and the appearance of casts and 
blood cells in the urine. Dogs also showed signs of impaired vestibular function 
and, possibly decreased auditory acuity. Autopsy revealed a fatty metamor- 
phosis in the liver and kidney. However, monkeys dosed for varying lengths of 
time failed to exhibit a progressive increase in the pathologic changes and were 
found to return to normal after discontinuation of the treatment. Furthermore, 
the great difference in species susceptibility leaves open the possibility that man 
may not react in the same manner to large doses of streptomycin. However, 
until more is known regarding this point, it would seem advisable to pay close 
attention to the renal and hepatic function of patients treated for a prolonged 
time with large doses of streptomycin. In this connection, it may be of interest 
to note, that the laboratory diet of rats which completely fail to develop patho- 
logic changes from prolonged administration of streptomycin, is relatively high 
in protein, whereas monkeys which were found to be highly susceptible, received 
a diet relatively low in protein. Experiments for the purpose of clarifying the 
possible influence of these factors, are now under way. It may be appropriate, 
however, to suggest at this time that patients under prolonged streptomycin 
therapy should be kept on a high protein intake. 

In evaluating the toxic effects of streptomycin a distinction must be made 
between those caused by the pure compound and those due to frequently present 
impurities. Of these, one of the pharmacodynamically most active is of hista- 
mine-like nature. It is responsible for the fall of blood pressure in those species 
which respond in a like manner to histamine and is probably also a contributory 
cause of the acute inhibition of the water diuresis, since histamine produces a 
similar effect (18, 19). Since the amount of the histamine-like factor found in 
an average streptomycin concentrate is equivalent to approximately 0.4 mgm. 
of histamine hydrochloride per gram of streptomycin base and may occasionally 
go as high as 10 mgm., many of the pharmacologic effects of streptomycin con- 
centrates can obviously be ascribed to this impurity. In man, histamine doses 
of 0.5 mgm. subcutaneously and 0.02-0.05 mgm. intravenously are known to 
produce pronounced pharmacodynamic effects (20, 21). These are, however, 
of relatively short duration and do not appear to constitute a serious threat to 
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life. It may be appropriate, however, to point out, that Dale (22) found that 
animals which had been subjected to a prolonged ether anesthesia became much 
more sensitive to the circulatory effects of histamine. It would appear, there- 
fore, that special caution should be exercised in the administration of strepto- 
mycin to patients during, or several hours after, a prolonged ether anesthesia. 

It is unlikely that the histamine-like impurity is responsible for the manifesta- 
tions of chronic toxicity, exhibited particularly in the liver and kidney. While 
many of the biochemical and pathological changes found in dogs and monkeys 
after large doses of streptomycin resemble those occurring in animals subjected 
to histamine shock (23, 24), the doses of histamine used in these experiments 
exceeded the quantity of the histamine-like substance present in our streptomycin 
concentrates. Furthermore, prolonged administration of pure streptomycin 
was found to produce in monkeys the same pathologic changes as streptomycin 
concentrates. 


SUMMARY 

1. The pharmacological and toxicological properties of streptomycin were 
found to be greatly influenced by the presence of traces of impurities and varied 
considerably in different animal species. One such impurity has histamine- 
like properties and can be inactivated by histaminase. 

2. The signs observed after administration of large doses of streptomycin 
consist, in order of appearance, of restlessness, respiratory' distress, loss of con- 
sciousness, coma and respiratory' failure. The latter is apparently' the cause of 
death, since the heart continues to beat for several minutes after cessation of 
the respiration. 

3. The acute intravenous toxicity of streptomycin increases greatly' with the 
speed of injection. This factor is less influential with the intramuscular and 
subcutaneous administration. The rate of absorption varies with different 
lots and influences and outcome of subcutaneous and intramuscular toxicity 
experiments. 

4. No pathologic changes were found in the organs and tissues of animals 
killed in acute toxicity' experiments. 

5. The signs and symptoms produced by repeated daily administration of 
streptomycin over periods of 5-80 days vary greatly with the animal species. 
Weanling rats show a slight retardation of growth and develop a pronounced 
nervous hyperexcitability'. No such changes w r ere noted in adult rats or in mice. 
Monkey's exhibit a slight impairment of hepatic and renal function and show 
upon autopsy a fatty infiltration of the liver and, to a lesser degree, of the kidney. 
These changes are reversible. Dogs develop a mild to severe impairment of 
renal function, and show upon autopsy' lipoid deposits in the kidney' and liver. 
In addition, they' exhibit signs of cerebellar or labyrinthine disturbance. 

G. The injection or topical application of streptomycin usually' does not pro- 
duce marked local effects. 

7. Intravenous injection of streptomycin concentrates is often followed by 
a sharp drop of arterial blood pressure due to a histamine-like impurity. Pure 
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streptomycin is free from this effect, but produces in large doses a gradual and 
prolonged depression of the blood pressure. 

8. Injection of a large dose of streptomycin concentrate may cause a marked 
temporary inhibition of water diuresis. No such effect is found with pure 
streptomycin. 

9. Streptomycin causes a relaxation of the isolated intestine. 
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According to Calma and Wright (1) atropine counteracts the effects of acetyl- 
choline in the central nervous system, and Marazzi (2) has shoivn that it depres- 
ses transmission in sympathetic ganglia. When large doses are injected into 
animals depression occurs which may last 24 hours or more and this may be fol- 
lowed by convulsions (3). In man the excitatory’ phase usually appears first 
followed by depression. In dogs atropine acts synergistically with barbiturates 
(3). The depressant phase which is primarily central may be due to the impair- 
ment of transmission in the brain and spinal cord and consequently atropine 
should conteract some of the excitatory effects of cholinesterase inhibitors. The 
conditions necessary to obtain such an antagonism would be such that the effects 
of the esterase inhibitor wear off during the depressant phase of atropine i.e. 
before atropine itself acts as an excitant. Such conditions were apparently not 
obtained by Koppany’i (3) who found that atropine and strychnine were syner- 
gistic in the dog. In the mouse, however, it has been shown (4) that atropine 
protects against an MLDioo of strychnine, and the present work is an extension 
of this observation. Stry’chnine is the best drug to use because its central effects 
are almost entirely’ excitatory’ and this may possibly be attributed to its inhibi- 
tion of the cholinesterase (5). 

Experimental. Female and male white mice weighing 20-25 gms. were used. 
The MLDioo of strychnine was determined for each experiment and was found to 
be constant at 1.33 mgm./kgm. Atropine was given in a dosage of 400 mgm./ 
kgm. Both drugs were injected subcutaneously. Figure 1 summarizes the 
results. When stry'chnine and atropine are injected simultaneously’ almost 
60% of the animals recover. As the time between the injection of atropine and 
strychnine increases there is a definite increase in the percentage of recoveries 
which reaches a maximun when strychnine is injected one hour after atropine. 
This would indicate that the concentration of atropine rises to a maximun in 
the central nervous system about one hour after a subcutaneous injection. As 
the interval between the two drugs is increased the percentage of recoveries 
falls steeply’ to about 50%, possibly because a further redistribution of atropine 
occurs and some is lost by the central nervous sy'stem. After this, the percentage 
recoveries decrease at a uniform rate which indicates that the amount of atropine 
excreted at any’ time is proportional to the amount in the body’ and that neither 
the kidney’ nor any’ organ has any special mechanism for dealing with the drug. 
These facts can be formulated in the following equations. If x = amount of 
atropine in the body and t = time and c = constant, then dx/dl = —cx which 
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when integrated gives log x = — ct + A. The effect of atropine, in this case 
measured by the percentage of recoveries, R, is equal to k log x. Substituting 
for log x, R = —ckt + AK, or grouping the constants, R — B — Ct. The 
values for B and C calculated by the method of least squares, which fit the 
experimental points are given in the legend of figure 1 . 



Fig. 1. The Effect of Previously Administered Atropine on the Percentage 
Recoveries of JfrcE Injected with M of Strychnine Plotted against 
the Time Interval between the Injection of the Two Drugs 
The points represent the experimental values and the figures the number of mice used 
to establish them. The straight line is drawn from the equation R = 52.4 — 0.851 where 
R = % recovery and t = time in hours between the injection of atropine and strychnine. 

The interval between the injection of .strychnine alone and the time of death 
averaged 5 minutes. When deaths occurred after atropine the time interval 
was always prolonged, varying from 25 minutes when strychnine was injected 
2 hours after atropine to G minutes when injected 24 hours after atropine. Ho- 
matropine in a dose of 200 mgm./kgm. is also an effective antagonist to 
strychnine. 

Discussion. There is no evidence that strychnine in vivo has any important 
peripheral action. Atropine, of course, has a large number of peripheral loci 
of action but these are primarily at autonomic endings and ganglia. Large 
doses of atropine do depress transmission at the myoneural junction of skeletal 
muscle but it is doubtful whether this can account for its protective action against 
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strychnine. If atropine is known to antagonize the central action of ace- 
tylcholine, if strychnine inhibits the cholinesterase, and if acetylcholine accumu- 
lates in the frog brain during the strychnine convulsions (6, 7) it is reasonable 
to postulate that the antagonistic effects of the two drugs occurs in the central 
nervous system. 


SUMMARY 

1. Atropine in a dosage of 400 mgm./kgm. protects mice against 1.33 mgm./ 
kgm. of strychnine. 

2. The percentage of recoveries varies with the time interval between the 
injection of atropine and strychnine. It is maximal when this interval is one 
hour. Some protection is however obtained after an interval of 48 hours. 

3. The significance of this is discussed. 
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Numerous investigations have been made on the electrocardiographic effects 
of intravenous digitalis in the experimental animal. One of the earlier reports (1) 
dealt with the electrocardiographic changes brought about when one-tenth of the 
estimated lethal dose was injected at ten minute intervals. The investigators 
also studied the effect of bilateral vagotomy. Gold et al. (2) compared the 
electrocardiographic changes of seven varieties of digitalis when given intra- 
venously at five minute intervals in the eat. Qualitative changes were similar in 
each case but individual variations were extreme. These investigators could 
find no electrocardiographic sign which was as accurate as the minimum lethal 
dose in evaluating the toxicity of the drug (3). Their experiments were per- 
formed on the cat without the use of a general anesthetic. The electrocardio- 
graphic changes have also been studied (4) when the intravenous injection was 
continuous and maintained at a constant rate by means of a pump. It was 
found that vagus effects under these conditions could not be abolished by atropine 
when the glycoside digitoxin was employed. There is wide disagreement in 
these reports on the quantitative relationship of electrocardiographic signs to the 
minimum lethal dose, to the difference in effect of various digitalis preparations and 
to the effect of rate of injection on the minimum lethal dose. The present report 
deals with some of these factors by studying a larger number of cases by essen- 
tially the same methods as have been used previously. 

Methods. Electrocardiographic studies were made during the bioassay of digitalis by 
the USP XII method (5) . The procedure requires on intravenous injection of 1 cc. per kgm. 
at five minute intervals, of a dilution of the unknown sample estimated to kill the animal in 
15 doses. The test animal used is the cat maintained in light ether anesthesia. If the pre- 
liminary cat requires more than 19 or less than 13 doses, the dilution is modified in subse- 
quent animals to produce death at about the middle of this range. The strength of the prep- 
aration is calculated in terms of the minimum lethal dose of Standard Reference Digitalis, 
which is assayed by the same procedure. It is important to note that the prescribed method 
reduces tinctures of an unknown strength to a common value. By arbitrary dilution a 
point is reached at which each tincture gives a mean value of 15 or 16 doses. Hence, varia- 
tion in the number of doses producing death, regardless of the sample involved, is essentially 
a deviation from a common mean. 

All electrocardiograms were taken with the animal under ether anesthesia. One or two 
control records were obtained before commencing the injections. Subsequently, a record 
was obtained a few seconds before each injection until the death of the animal. Extra 
electrocardiograms were taken when changes in the string could be detected visually. All 
three standard leads were occasionally taken, but only lead II routinely. With the animal 
tied on its back in the position for injections, axis deviation renders the excursions in lead 
I almost negligible. One control experiment was performed in which normal saline con- 
taining the same strength of alcohol as the digitalis dilutions, was injected at five minute 
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intervals for a period of two hours. As a regular control one or two electrocardiograms were 
taken on each cat before commencing the digitalis injections. Two hundred and fifty cats 
were studied in this manner. In 34 animals the femoral arterial blood pressure was recorded 
throughout the experiment, in most cases by a mercury manometer. In 11 animals the 
right or the left vagus nerve was sectioned before injections. 

Results. The electrocardiographic features of 218 cats have been studied in 
some detail. This number was determined by eliminating those in which special 
procedures had been employed, those in which a non-digitalis death was suspected 
and a few 'cases in which the electrocardiographic records were faulty or 
incomplete. 

Coupling. Table 1 lists the incidence of various electrocardiographic features 
in the records taken before and after the administration of digitalis. Of particu- 
lar interest is the large number of cases showing coupling (a ventricular premature 
alternating -with a normal cycle) before administration of digitalis. Kurtz, 
Bennet and Shapiro (6) reported extra systoles in 20% of human cases in tl\e 
operating room when ether was the anesthetic employed. Frommel (7) had 
previously reported the occurrence of coupling in guinea pigs under ether anesthe- 
sia. In our cases coupling usually disappeared after the animal had been under 

TABLE 1 


Incidence of ECG events up to the time of A -V dissociation 


% INCIDENCE 

COUPLING 

P-R >.0S 

NODAL 

RHYTHM 

T WAIT 
NO CHANGE 

T WAVE j 
ABSENT OR 
INVERTED 

S-T DEVIATION 

Pos. 

Nts. 

% Before digitalis 

25 

8.7 

17 

42 

0.9 

14.2 

15 

15 

29 

56 

4.0 

15 

3.0 

56 



ether for a sufficient period of time and had reached a steady stage of surgical 
anesthesia. The observation suggests that the induction rather than the 
maintenance of anesthesia brought on the reaction. The incidence of coupling in 
the control records was not closely correlated with either the A-V dissociation 
dose or the lethal dose ; however, the animals having a small lethal dose tended to 
show a hight percentage of coupling in the pre-digitalis records. As a further 
check on the anesthesia involved, the standard three leads were taken on 67 cats 
that were being prepared for student laboratory use. Most of these were given 
30 mgm. per kgm. of nembutal intraperitoneally, a few 35 or 40 mgm. per kgm. 
None of these exhibited coupling. This arrythmia is commonly assumed to be a 
characteristic symptom of digitalis overdosage (8). However, under the con- 
ditions of these experiments its occurrence during the administration of digitalis 
was infrequent (9%). 

P-R interval. A P-R interval of 0.08 sec. occurred most frequently in both the 
predigitalis and the digitalis records. Values greater than this were more fre- 
quent during the administration of the drug. In figure 1 are shown the average 
heart rates plotted against the P-R interval for control records, and for the 
digitalis records at a point just before A-V dissociation occurred. An inverse 












E. C. G. AND DIGITALIS BIOASSAY 


179 


relationship is found in both instances. The significant difference of the points 
forming the two lines has been calculated and according to the distribution of 
Student’s t values (9) the probability of the means being due to chance ranges 
from 0.09 in 100 to 2.9 in 100. It is surprising to find that the P-R interval for 
given rate is always smaller in the case of digitalis. If one accepts the usual 
explanation that vagal activity accounts for the inverse relationship between 
heart rate and the P-R interval, it would seem to imply that digitalis at this 
stage had reduced the heart rate primarily by direct action on the SA node. 
Certainly, there is no evidence for a direct depressant action on A-Y conduction, 
a fact which harmonizes with the observation that A-V dissociation (rather than 



Fig. 1 . Line 1 represents values obtained in control records with the animal under ether. 
No digitalis had been given. 

Line 2 represents values obtained during the administration of digitalis. The values 
usually represent the last record before the occurrence of A-V dissociation. 

A-V block) is the succeeding event in the course of administration of the drug. 
In the reports referred to above (1), (3) a prolongation of the P-R interval is 
offered as evidence of the action of digitalis and yet an examination of the ac- 
companying heart rates shows that similar rates in the absence of digitalis (figure 
1) are associated with P-R intervals of equal or even greater magnitude. T Wave. 
It will be noted in table 1 that the absence or inversion of T waves frequently 
occurs before digitalis, but 15% of the cases showed no T wave changes up to the 
point of dissociation. An examination of the remaining cases in which changes of 
the T wave follow the administration of the drug, shows wide variation as to the 
amount of drug necessary to produce the effect. This failure to find T wave 
changes quantitatively related to dosage, disagrees with the work of Robinson 
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and Wilson, but agrees with the results of Gold et al. (2) who used cats under local 
anesthesia. The unreliability of the T wave changes as a quantitative index has 
also been reported when animals other than cats were used (10), (11). Such 
results are fully to be expected if the form of the T wave is considered in terms of 
the ventricular gradient. The effect of ouabain upon the latter factor has been 
reported recently (12). 

In figure 2 the cases are grouped according to the dose producing A-V dis- 
sociation and then the average dose at which each of the events occurred is plotted 
against the group. The approximate order of events from the beginning of the 

R-R 

injection to the death of the animalis : maximum ratio, minimum sinus rate, 

S-T segment deviation (usually negative), ectopic beats (ventricular or nodal), 
A-V dissociation, paroxysmal tachycardia (from one or more ectopic foci), 
ventricular fibrillation and cardiac death. 


0 ~ 7 p ratio. Due to the fact that a heart rate of about three times the human 

values was being recorded at standard paper speed it was not possible to calculate 
the Q-T constant in terms of the cycle as has been done by Bazett (13) and others 


(14). However, values based on an average of several cycles in each record 


did show a progressive increase up to a point slightly preceding the minimum rate. 

S-T segment deviation. The S-T segment deviation preceding dissociation was 
usually depressed and was a more constant phenomenon than changes in the T 
wave alone. Occasionally, there was a slight but consistent elevation. In a few 
special experiments these changes were approximated by applying a diluted 
tincture of digitalis to the external surface of the ventricle, confirming the results 
obtained with KCL solutions which were reported by Hoff, Nahum, et al. (15). 
The application of digitalis to the right ventricle depressed the S-T segment, on 
the left ventricle elevation occurred, whereas mixed results were obtained in the 
three leads with application to the posterior or anterior surfaces. This is in com- 
plete agreement with the report of the workers who used IvCl solution. Identical 
results also were obtained with a watery effusion of digitalis thus eliminating the 
possibility of alcohol being the effective agent. The authors referred to above 
have assumed that the electrocardiogram is produced by activitj r at the surface of 
the heart and that KC1 solution applied to the surface abolishes such electrical 
activity at the point of application. Thus, by applying KC1 to one ventricle or 
the other, they have been able to record the dextro or the laevocardiogram and to 
construct from them, by algebraic summation, the normal QRS and T waves. 
This interpretation, however, does not explain the fact that we obtained a pro- 
found depression of the S-T segment when the entire surface of both ventricles 
was exposed to either KC1 solution or to digitalis. 

Ectopic beats. These occasionally preceded the point of A-V dissociation but 
usually they were first recorded at the time of dissociation. Hence, the average 
dose at which they appeared as shown in figure 2 closely approximates a straight 


line relationship. 



E. C. G. AND DIGITALIS BIOASSAY 


181 


Ventricular fibrillation. This was usually the terminal event. In a few cases 
cardiac death was preceded by chaotic rhythms that could not be classified as 
ventricular fibrillation. In some instances ventricular fibrillation lasted but a feu 
seconds and another injection was given before death occurred. This accounts 
for the ventricular fibrillation line slightly preceding the line representing the 
minimum lethal dose in figure 2. In a number of cases there was progressive 
deepening of the depressed S-T segment which eventually obliterated the QRS 
complex and merged into a smooth wave typical of ventricular fibrillation. 

A-V dissociation. This term is preferable to A-V block as the electrocardio- 
graphic evidence indicates that the independent ventricular rhythm at this point 



Fig. 2. Cases are grouped according to A-V dissociation dose. 1 — maximum qpji 2 — 

minimum rate: 3 — S-T Segment Deviation; 4 — Ectopic Beats; 5— Ventricular Fibrillation; 
0 — Lethal Dose. 

is due to excessive stimulation of the ventricles rather than to deprivation of the 
normal impulses from the SA node. At some point during the administration of 
the drug complete and permanent A-V dissociation occurs. Occasionally, it is 
initiated as a middle or lower nodal rhythm but usually the first electrocardio- 
gram shows a rapid- ventricular ectopic rhythm with the auricular rate likewise 
increased. Infrequently dissociation Is followed by a short period of sinus 
rhythm before becoming permanent. The actual events immediately preceding 
the first record of dissociation can only be inferred statistically as dissociation in 
any given case may have occurred at any moment during the five minute period 
between injections. There is no apparent simple relationship with preceding 
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events. The sinus rate usually but not invariably reaches a minimum just 
preceding A-V dissociation. In order for the transition from a sinus rhythm to 
A-V dissociation to occur it must be presumed that the A-V node or bundle has 
a rate of impulse formation nearly equal to or greater than, that of the SA node. 

If the cases are grouped according to the A — dissociation r a te ^ (jjgtribu- 

Pre A-V dissociation rate 

tion curve shows the peak value at a ratio ot one. Pre A-V dissociation rates 
tend to reach a peak just preceding this point and then progressively decline, 
suggesting that the ratio is dependent within limits upon the sinus rate (figure 3). 

Characteristically both the auricular and the ventricular rates continue at a 
very high level until the onset of fibrillation. The auricular rate may vary con- 



Fig. 3. 1 — Pre-dissocintion heart rate ; 2 — Post-dissociation ventricular rate. 

siderably during this period and occasionally the auricles continue beating for a 
time after ventricular standstill has occured. The ventricular ectopic focus as 
judged by the direction of the initial complex may be in either the right or the left 
ventricle. Before the onset of fibrillation there is frequently evidence of multiple 
foci. A-V dissociation has been reported to occur from 50% to 80% of the mini- 
mum lethal dose (16), (17). Some of the variations are undoubtedly due to 
differences in anesthesia, rate of infusion, etc., but in most leports there is con- 
siderable variation within a given group of cases subjected to the same conditions. 

If the cases reported here are grouped in terms of lethal dose and the average 
A-V dissociation dose is plotted against the lethal dose, the former occurs at 
about 50% of the lethal dose. On the other hand, if the cases are grouped ac- 
cording to the dose at which A-V dissociation occurs it can be seen that the aver- 



E. C. G. AND DIGITALIS BIOASSAY 


183 


age minimum lethal dose tends to be the same for some of the adjacent A-V 
dissociation groups (table 2). This is probably due to the admitted error in 
minimum lethal dose estimates by the present method (18). It seems significant, 
however, that when the A-V dissociation dose is plotted against the average lethal 
dose by this grouping, there is a strong suggestion that the latter occurs at a con- 
stant dose or time interval after the advent of dissociation, and not on a percent- 
age basis. This relationship is shown in figure 4. A line so drawn that the A-V 
dissociation dose plus 7 doses equals the lethal dose, agrees quite well with the 
distribution of points and all of the points fall well within an area representing 
twice the average S. E. The significant feature is the fact that a constant 
number of doses or time, intervenes between dissociation and death, even though 
the lethal dose varies 100% or more. This would imply that the chief variable 
is the point of complete A-V dissociation and that the resistance to a toxic level 
of digitalis beyond this point is fairly constant from one individual case to an- 
other. The significance of dissociation as given here is of course valid only if the 
phenomenon is the result of a progressive increase in digitalis. In two cases, 
dissociation due to other causes was present before any digitalis had been given 

TABLE 2 


Aierage minimum lethal dose of cases grouped according to dose which 
produced A-V dissociation 


A-V DISSOC. DOSE 

3 1 

4 1 

1 5 

6 1 

7 1 

8 

9 

10 I 

11 1 

12 

13 

14 

IS 

Average M.L.D. 

BE 

ill 6 

13.7 

m 

14 2 

14 3 

16.9 

m 

m 

19 2 

20 0 

20 7 

20.7 

No. of cases 

1 8 

I 19 

|29 

|24 

17 

22 

m 

|17 

|17 

9 

17 

4 

4 


and in both instances the minimum lethal dose was approximately the same as 
the average for the series. 

Blood pressure. A few preliminary observations on blood pressure during the 
bioassays seemed to indicate an inverse relationship betw een this value and the 
minimum lethal dose. On the assumption that this relationship might be due to 
rate of coronary flow, continuous blood pressure was recorded by a mercury 
manometer from the femoral artery in 34 cases. No significant relationship 
between mean blood pressure and lethal dose, A-V dissociation or other electro- 
cardiographic findings could be demonstrated. With a few exceptions the rate 
of fall of mean blood pressure from the beginning to ventricular fibrillation was 
fairly constant and at an approximate value of 4 mm. Hg per dose or per five 
minute interval. Complete A-V dissociation did not hasten the rate of fall. 

Vagotomy. The right vagus was sectioned in four animals in a series of nine 
cats. The control rate and rate immediately before dissociation were much 
faster in the vagotomized animals but the decrease in rate was small. The 
minimal rate appeared much earlier during the administration of the drug. Like- 
wise, both the average A-V dissociation dose and the lethal dose were smaller. 
In only one of these animals was there a significant increase in P-R interval. 

In a series of 10 animals the left vagus was sectioned in 7 cases. As in the case 
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of the previous group, the heart rate immediately preceding dissociation was 
faster in the vagotomized animals and only one case showed a significant increase 
in the P-R interval. However, the average dose for the minimal rate, dissocia- 
tion and death did not vary appreciably from the control group. 



Fig. 4. The Standard Error of the average L. D. ranged from 1.0 to 0.34. The average 
S. E. equaled 0.62. Broken lines 1 and 3 represent twice the average S. E. The solid hoc 
2 is arbitrarily drawn by adding 7 to each A-V dissociation dose. 

TABLE 3 


Average results from cutting right or left vagus nerve 


TYPE or CASE 

no. or 

CASES 

A-V mssoc. 

DOSE 

lx THAI. 
DOSE 

CO NTS OI. 
RATE 

DOSE or 
UCf. RATE 

RATE PM* 
CEDING A* ■ 
DISSOCIA- 
TION 

B. Vagus 

4 

■ 

131 

225 

4.7 

216 

Control 

5 


S39 

161 

8.8 

120 

L. Vagus 


WfiU 

BH 

206 

7.0 

194 

Control 


9.0 

m 

200 

5.0 

125 


The results are based on too small a number of cases to have statistical signifi- 
cance. The fact that the P-R interval rarely increases with vagotomy suggests 
the importance of reflex regulation of the rate of conduction in the A-V node. 
Robinson and Wilson obtained similar results with bilateral vagotomy in respect 
to changes in heart rate and A-V conduction. Dissociation occured earlier in 
only one of their cases. Our results might be taken as an indication that the 
















E. C. G. AND DIGITALIS BIOASSAT 


185 


vagal effects of digitalis reside primarily in the right vagus. The results are 
summarized in table 3. 


SUMMARY 

A statistical study of electrocardiographic changes during the bioassay of 
digitalis by the USP XII method indicates the following: 

(1) Under ether anesthesia coupling is more frequent before than after the 
infusion of digitalis. 

(2) The P-R interval for a given heart rate is smaller under the influence of 
digitalis. 

R-R 

(3) The average dose at which the maximum ratio, minimum rate, S-T 

segment deviation, ectopic beats, ventricular fibrillation and cardiac death occur, 
varies with the dose producing A-V dissociation. 

(4) When the cases are grouped according to the dose producing A-V dissocia- 
tion, the interval between this event and the lethal dose tends to be a constant 
one. 

(5) Mean blood pressure bears no significant relationship to the electrocardio- 
graphic findings. 
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Tolerance for many drugs can be acquired by human beings as well as by 
experimental animals. When this occurs the dose of the drug has to be pro- 
gressively increased in order to maintain a given level of pharmacological effect. 
In dealing with the question of the possible formation of a tolerance to the bar- 
biturates there has been much confusion and contradiction among various 
investigators. This lack of agreement can be attributed to several factors: 
(a) the loose usage of the terms “drug tolerance” and “drug addiction” or “ha- 
bituation,” (b) differences in the time intervals between repeated injections of 
the drug, (c) differences in the quantity injected per dose, (d) differences in the 
criteria used in determining acquired tolerance, (e) differences in the species of 
animals used by the various investigators. In most instances the reports have 
been based upon the results of experimentation on one or at most six animals. 

Deuel, Chambers, and Milhorat (1) studied the influence of amytal upon the 
metabolism of the dog. They concluded that the dog does not acquire an in- 
creased tolerance for amytal since the same dose always produced the same 
effect. Their conclusion was based primarily upon the results from one animal 
in which 20 different injections were made from time to time over a period of 
approximately 10 months. They, however, do not specify how long a time had 
elapsed between each injection and the next. 

Their results have been confirmed by Swanson, Weaver, and Chen (2). A 
group of 10 dogs and 6 monkeys were given sodium amytal. They state that 
they found no evidence of tolerance since the same dose, repeatedly employed, 
was always effective and never failed to produce hypnosis. They also observed 
no decrease in the toxicity of the drug since the LDw killed 5 of the 10 experi- 
mental dogs. Since no change in the speed of induction of sleep was noted in 
rats following repeated administrations of amytal, Ravdin, Drnbkin and Bothe 
(3) concluded that tolerance to this drug cannot be acquired. 

On the other hand lethal doses of amytal were given by stomach tube to 
groups of 2 to 4 rabbits by Fitch (4). In all instances the duration of sleep was 
shortened by 50 per cent on repeated administrations and the dose tolerated 
was much larger than the LDm for non-tolerant animals of the same species. 

Using rabbits, Masuda, Budde, and Dille (5) were able to show a progressive 
decrease in the duration of sleep following repeated administrations of amytal. 
This acquired tolerance to the drug disappeared rapidly after ending the daily 
injections. Within 3 or 4 days the animals responded to the barbiturate in 
practically the same way as the}’ had done to the first dose of the drug. 

1 This research was made possible through a grant by the McNeil Laboratories for re- 
search in Science. 
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Rats given repeated subcutaneous injections of sodium amytal develop a 
high degree of resistance to the drug according to Nicholas and Barrow (6). 
Following such a procedure they observed 2 male and 6 female animals to require 
twice the standard dose of the drug to produce deep anesthesia. 

Mott, Woodhouse, and Pickworth (7) studied the effects of veronal, luminal 
and dial on cats and monkeys. Although the results were by no means con- 
clusive they remark that when the doses were slowly increased the animals 
seemed to acquire some degree of tolerance to moderate doses of the drugs. 

Four dogs were used by Oettel and Krautwald (9) in their investigations. 
Upon repeated administrations of the same dose of veronal they observed a 
progressive decrease in the duration of sleep. A similar shortening of the sleep- 
ing times were noted, when luminal, phanodom, or noctal were similarly ad- 
ministered. However, reports published by Bachem (10) and by Hofmann (11) 
each based on observations on one animal, gave negative results on the estab- 
lishment of a tolerance to veronal. 

Following the administration of repeated doses of sodium barbital, Seevers 
and Tatum (24) observed a shortening of the sleeping time in all six dogs so 
studied. However, at no time, did the animals reach a stage where the drug 
failed to produce depression and sleep. Hoff and Kauders (25) report an in- 
crease in the MLD in one dog by subacute poisoning of two months duration. 
This observation was not confirmed by Seevers and Tatum. 

Repeated intravenous injections of dial were made in seven dogs by Ettinger 
(13). In three animals the first injection produced anesthesia lasting for at 
least 8 hours, while later injections of the same amount caused anesthesia of an 
hour or less in duration. 

Eddy (8) was unable to show the development of increased tolerance in 4 cats 
to daily oral administrations of barbital . After two weeks treatment the sleeping 
time was practically the same as had been induced when the drug was given for 
the first time. 

Lethal doses of neonal and noctal were given to groups of 2 to 4 rabbits by 
Fitch (4). With these drugs as with amytal he noted a 50 per cent decrease in 
the duration of sleep and the animals tolerated doses which were almost twice 
the LDm. 

A degree of tolerance was found by Stanton (12) in rats and by Masuda, Budde, 
and Dille (5) in rabbits following repeated injections of pentobarbital sodium 
(30% of LDk>). These results have been confirmed by Moir (14). However, 
Barlow (15) found the factor of tolerance to be negligible following repeated 
administrations of the drug to 0 rabbits. 

Daily intravenous injections of nembutal were made for three months in 5 
dogs by Ettinger (13). No difference in the duration of sleep was noted following 
injections of the dnig as the experiments progressed. Vander Brook and Cart- 
land (23) found that dogs uniformly became refractory to repeated injections 
of cyelopal but not to pentobarbital. 

That guinea pigs develop a tolerance to nembutal was demonstrated by 
Carmichael and Posey (10). In all animals the period of hypnosis was markedly 
shorter on the second injection of 15 mgm. per kgm. of pentobarbital sodium than 



188 


CHARLES M. GRUBER AND GOLDIE FREEDMAN KEYSER 


on the first injection. However, they found these animals not protected against 
a dose of GO mgm. per kgm. (MFD.). 

Daily administrations of ortal and evipal produced no significant changes in 
the sleeping time when given to rabbits (5). Nor has tolerance or cumulative 
effects to evipal been demonstrated in mice (17). 

Dogs apparently develop a tolerance to evipal quite readily as has been demon- 
strated by Dallemagne (18) and by Green and Koppanyi (1). A similar effect 
has also been demonstrated in rabbits to pemoston (5), in dogs to nostal, pen- 
tothal sodium (19) and to “numal” (18) and in guinea pigs to vinbarbital (delvi- 
nal) sodium (20). 

Dallemagne (18) was unable to demonstrate cross tolerance between “evipan 
sodium” and “numal”. Green and Koppanyi (19) observed evipal tolerant dogs 
to be tolerant also to pentothal sodium and to nostal; pentothal tolerant animals 
to evipal; and nostal tolerant animals were also found tolerant to evipal, to 
pentothal and to barbital. 

Because of the differences in the method of experimentation employed in the 
various studies to determine whether or not experimental animals can acquire 
a tolerance to barbiturates and because conclusions were based on results from 
too few animals in most cases this work was undertaken in an effort to correlate 
and clarify conflicting data. Some experiments were also performed in which, 
after the animals showed a definite decrease in the period of sleep produced by 
a barbiturate, the LD M of that drug was given. Additional experiments were 
performed to determine if an animal tolerant to one barbiturate was also tolerant 
to others. 

The sodium salts of the following barbituric acid derivatives were investigated: 
1) Sec-butyl ethyl (butisol); 2) Isoamyl ethyl (amytal); 3) cyclopentenylnllyl 
(cyclopal); 4) ethyl (1-methyl butyl) (pentobarbital); 5) N-hexylethyl (ortal); 
6) Propyl-methyl-carbinyl allyl (seconnl); 7) N-methyl-cyclohexenyl-methyl 
(evipal). 

Dogs, rabbits and albino rats were used in this investigation. Food was withheld 12 
hours before each experiment except in those instances in which the drug was administered 
twice daily. The animals were weighed before each administration of a drug. To dogs 
and rabbits the drugs were given intravenously and to rats intraperitoneally. Only sodium 
sec-butyl-ethyl barbiturate and sodium ethyl (1-methyl butyl) barbiturate were studied 
in dogs. The solutions of these drugs were freshly prepared and injected slowly in 5 per 
cent solutions and the dose was usually 40 per cent of the LD st ,. 

The rabbits were divided into groups of 9 to 18 animals. Twenty-seven such groups 
were investigated. On these all of the above barbiturates were studied. Five per cent 
solutions of the drug were freshly prepared and slowly injected intravenously. The total 
amount injected was cither 40 or 50 per cent of the LDio for the particular barbiturate under 
investigation. In each instance the total dose was uniform per kilogram weight throughout 
each set of experiments. The injections are made ever}- other day when investigating 
butisol, amytal, cyclopal and, in one group of animals, pentobarbital. Pentobarbital, 
seconal, ortal, and in one series of animals, evipal were injected once each day. By ex- 
perimentation it was found that evipal gave best results when injected twice daily. When 
the effect of LD i0 was studied on these tolerant animals the drug was injected at an abso- 
lutely uniform rate of 0.8 cc. (5% solution) per minute or 40 mgm. per minute. 
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All of the above barbiturates except isoamyl ethyl barbiturate were also studied in rats. 
The animats were weighed before each injection and a freshly prepared 1 per cent solution 
was used in all instances except with “ortal sodium” in which a 2 per cent solution was 
employed. In all experiments the total dose was 60 per cent of the LDso. 

A decrease in the duration of hypnosis was taken as an indication of tolerance. The 
criterion of the duration of action svas much the same as that used by Fitch and Tatum 
(21). The animals were checked at the time they went to sleep and again as soon as they 
could raise their heads, sit upright, maintain that posture and hop or walk about when 
disturbed. The rats were counted awake as soon as they could right themselves and crawl 
around. Since the animals are usually still definitely depressed, the actual periods of the 
barbiturate depression are, of course, much longer than the times secured by these methods. 
All of the animals were watched continuously from the time of the injection until they were 
checked off as awake. 

Dogs quickly acquire a tolerance to butisol sodium. This can be seen in 
table 1. In the 14 animals studied the duration of sleep following the third 
injection of butisol was 43 per cent shorter than that following the first injection. 
If the first ten animals in this table are considered the durations of sleep from the 
second, third and fourth injections were shorter than the first by 28, 35, 64 per 
cent respectively. That this acquired tolerance can be lost quickly is seen from 
the results obtained after the fifth injection of the drug in the first four dogs in 
the table. Within 19 days the acquired tolerance was almost if not entirely 
lost. 

In our experiments it was possible to demonstrate acquired tolerance by rabbits 
to all of the barbiturates studied (table 2). If the first and subsequent injected 
doses were adequate and were properly spaced every' group of animals and each 
animal in each group showed a decreased sleeping time upon repeated admin- 
istrations of the drug. After the third injection the average duration of hypnosis 
was shortened by 30 per cent with amytal in 58 rabbits, by 47 per cent with 
butisol sodium, in 81 animals, by 47 per cent with pentobarbital sodium in 
85 animals, by 45 per cent with seconal sodium in 70 animals, by 46 per cent with 
ortal sodium in 21 animals, by 37 per cent with cyclopal in 12 animals and by 
36 per cent with evipal sodium in 19 animals. 

Table 3 illustrates the effects of repeated intraperitoneal injections of the 
barbiturates in rats. In these the average decrease in the period of sleep with 
butisol sodium in 98 animals was 38 per cent, with pentobarbital sodium in 26 
animals 57 per cent, with cyclopal in 18 animals 25 per cent, with ortal sodium 
in 12 animals 19 per cent, and with seconal sodium in 12 animals 15 per cent. 

If a decrease in the sleeping time can be considered an indication of acquired 
tolerance to a barbiturate our results then show conclusively that such tolerance 
can be developed in experimental animals. However, as the question of whether 
or not an animal can also acquire any degree of tolerance to toxic doses of a 
barbiturate was still to be determined we undertook to investigate this problem 
in rabbits (table 4). In all experiments when the LD W was injected intrave- 
nously it was done at a uniform rate (0.8 cc per minute) and the concentration 
of the drug was 5 per cent. 

Sixteen animals averaging 2.2 kgm. were given intravenously 40 mgm. per 
kgm. of amytal sodium every other day. The first injection was followed by 
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sleep of 150 minutes duration whereas the fourth injection produced sleep for 
only 97 minutes. Two days later these animals were given 80 mgm. per kgm. 
(LDco) of amytal sodium. It was rather surprising to find that this dose killed 
80 per cent of these animals. We then proceeded to determine the LDso for our 
own particular strain and size of animal. Using 20 animals in each group we 
found 70 mgm. per kgm. killed 16.5 per cent, 75 mgm. per kgm., 50 per cent and 
again 80 mgm. per kgm. killed 80 per cent of the animals. Thirteen animals 
averaging 1.9 kgm. were given 37.5 mgm. per kgm. (50% of LDco) of amytal 

TABLE 1 

The effects of repeated administrations of Bulisol sodium on the duration of hypnosis in dogs 
Unless otherwise indicated the dose injected intravenously was 36 mgm. per kgm. (40% 
of LD 5 o). The time interval between injections was 48 hours. In some animals pento- 
barbital sodium was injected intravenously in doses of 20 mgm. per kgm. (40% of LDjo) 
the day following the last injection of Butiso! sodium. The duration of hypnosis for each 
such experiment is given in column 6. A similar dose has been injected one month before 
the beginning of Butisol administration. The duration of hypnosis then produced is 
given in column 7. 


SEX 

( WT. 

DURATION OF HYPNOSIS IN 10NT7TES 

l 

2 

3 

4 

5 

6 
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igtn. 








o’ 

10 

502 

342 

159 

169 

414f 



9 
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259 
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333t 
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o' 
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480 

341 

720f 



9 

9 
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257 

145 

347 f 


mm 

9 

10 

40S 
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135 

20 


9 

14.5 

445 

306 

300 

185 

230 

87 


9 

10 

■39 

290 

332 

139 

95 

51 


9 

8.5 

ES 

20S 

175 

113 

113 

67 


9 

10 

30S 

176 

ISO 

'tM 




5 

8 

564 

393 

296 

19 




o' 

17 

210 

205 

130 



53 

70 

o' 

8 

540 

t 

240 





c? 

8 


t 

265 





9 

9 


t 

128 






* 60% LDso (54 mgm. /kgm.). 
t Nineteen days between injections. 

J Injection made but duration of action not determined. 


sodium even' other day. Following the first injection the animals slept 102 
minutes and after the third injection SO minutes. Two days later these animals 
were given intravenously 75 mgm. per kgm. (LD M ) of amytal sodium. Seven 
'of the 13 animals died, a mortality of 54 per cent. 

Four groups of rabbits were used in studying resistance to toxic doses of 
butisol sodium. As can be seen in table 4 there was no added resistance to such 
doses since LD M killed approximately 50 per cent of the 45 animals studied. 

Since 45 mgm. per kgm. (LD M ) of pentobarbital sodium killed only 20 per 
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cent of the 16 tolerant animals in our first group, the LD W for this drug was 
further investigated. Sixteen animals were used in each group and we found 45 

TABLE 2 

The effects of repeated administrations of a barbiturate on the sleeping lime in rabbits 
The animals were of the same strain and each lot was of fairly uniform weight (varying 
±0.3 kgm. from that of the average) . The injections were made intravenously every other 
day with amytal sodium, butisol sodium and cy cl opal, daily with seconal sodium and 
pentobarbital sodium and twice daily with evipal sodium. 


DRUG 

NUMBER OF 
ANIMALS 

AVERAGE 

\VT. 

DOSE 

DURATION OF HYPNOSIS IN MINUTES 
FOLLOWING INJECTION 

DECREASE 

IN 

SLEEPING 

TIME 

1 

2 

3 

4 

5 



kitfi. 

msm./ktm. 






per cent 

Amytal sodium 

12 

2.4 

40 

158 

93 

88 

82 


49 


16 

2.2 

40 

150 

101 

98 

87 


42 


17 

2.5 

37.5 

121 

79 

82 



30 


13 

1.0 

37.5 

112 

86 

80 



28 

Butisol sodium 

IB 

2.2 

36 

113 

62 

51 



55 


SI 

2.0 

36 

71 

57 

49 

40 


43 



3.1 

36 

143 

85 

77 

76 

72 

50 



3.3 

45 

185 

125 

120 

101 


46 



1.9 

36 

96 

72 

57 

57 


41 



3.0 

36 

144 

96 

63 

60 


60 



3.4 

45 

261 

171 

170 

147 


43 

Pentobarbital 

12 

3.0 

18 

84 

52 

32 

32 


62 

sodium 

11 

3.1 

18 

59 

34 




32 


16 

2.3 

22.5 

91 

60 

54 

53 


42 


14 

2.0 

26 

106 

62 

56 

57 


46 


17 

2.6 

22.5 

85 

58 

51 



40 


15 

1.9 

25 

107 

70 

53 

53 


50 

Seconal sodium 

12 

2.7 

18 

34 

28 

28 

26 


23 


11 

2.3 

22.5 

100 

55 

44 

44 

46 

54 


18 

2.3 

22.5 

95 

52 

47 

50 


47 


9 

2.3 

22.5 

68 

49 

47 

46 


32 


10 

2.2 

22.5 

121 

68 

62 

61 


50 


10 

2.2 

22.5 

97 

54 

47 

50 


50 

Ortal sodium 

9 

2.7 

45.0 

71 

50 

32 

37 


48 


12 

' 3.1 

45.0 

65 

44 

35 

36 


45 

Cyclopal 

12 

2.7 

40 

116 

75 

73 



37 

Evipal sodium 

10 

2.0 

40 

39 

38 

31 

25 

25 







39 

28 

25 

26 

36 


mgm. per kgm. killed 25 per cent, 48 mgm. per kgm. 33 per cent, 50 mgm. per 
kgm. 80 per cent of the animals in each group. Using these newly determined 
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LDm's for our animals we found 52 mgm. per kgm. killed 86 per cent of our 
supposedly tolerant, animals and 50 mgm. per kgm. killed 80 per cent. 

Animals showing a decreased sleeping time following repeated administrations 
of seconal sodium show no appreciable change in their resistance to toxic doses 
of the drug (table 4). In the 47 rabbits so investigated 45 mgm. per kgm. (LDm) 
of seconal sodium injected at a uniform rate killed between 33 and 70 per cent 
of the animals. As a control we injected intravenous^ 45 mgm. per kgm. (LDw) 
of seconal sodium into 12 normal untreated rabbits. Only 42 per cent of these 

TABLE 3 

The effects of repeated inlraperitoneal administrations of barbituric acid dcriratircs on the 
sleeping limes of albino rats 

Each animal was weighed before each injection. All of the drugs used were injected every 
other day unless otherwise indicated 
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Butisol sodium 


118 

40 

250 
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33 

140 
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167 

40 

156 
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234* 
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190 

40 

234 

152 

1321 

124 

201* 
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143 

128 
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124 
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SB 

201 

156 

140 

98 

129 


14 


mm 

256 


135 

125 


Pentobarbital sodium 

14 

194 

29 

145 

86 

971 

95 

73 


12 

230 

29 

104 

59 

58 

4S 

34 

Cyclopal 

IS 

220 

75 

199 

162 

151 



Ortal sodium 

12 

277 

150 

104 

105 

86§ 

S5§ 


Seconal sodium 

12 

150 

66 



264 




* 30 day interval since last injection, 
t 9 animals failed to show hypnosis. 

J 3 day interval between injections. 

§ Two animals failed to show any hypnosis. 

animals died as the result of the injection. If we compare the sleeping time of 
the treated animals which survive the injection of the LD M (table 4, last column) 
with that of untreated ones a marked difference is seen. In our experiments 
the duration of sleep in the control animals which survived the LDm of amytal 
sodium, butisol sodium, pentobarbital sodium and seconal sodium was 253, 432, 
184, and 187 minutes respectively. A comparison of the duration of sleep in 
these animals with those tabulated in the last column in table 4 shows that in 
all instances the treated animals slept a much shorter time following even toxic 
doses. 
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From these results it appears that the mechanism on which the barbiturate 
act in causing death acquires no resistance to the drug upon repeated injections. 
On the other hand, the mechanism upon which the drug acts in causing sleep 
becomes resistant by repeated administrations of the compound. These results 
are similar to those found by Swanson, Weaver, and Chen (2) with amytal in 
dogs, but contradictory to those reported by Fitch (4) with amytal, neonal and 
noctal in rabbits. The lack of agreement is probably due to the fact that the 
latter investigator used but 2 to 4 animals in each group and that the drugs were 
administered orally. It is a well known fact that the stomachs of rabbits are 

TABLE 4 


The influence of repeated injections of barbiturates upon the mortality per cent of LDs o 
Rabbits were used and the intravenous injections were at a uniform rate, 0.8 cc perminute. 
Five per cent solutions were employed in each ease 
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96 


57 1 


90 

50 

290 



3.4 

45 

_ 

261 


147 


90 

50 

300 

Pentobarbital 







■ 




sodium 

16 

2.3 

22.5 

91 


53 


54 

20 

106 


14 

2.0 

26 



57 

■ 

52 

86 

MEM 


IS 

1.9 

25 

m 


53 

m 

50 

SO 

lil 

Seconal 





m 

■ 

m 



BS 

sodium 

18 

2.3 

22.5 

95 

m 

50 

H 

45 

47 



9 

2.3 

22.5 

68 

■ 

46 


45 

33 

lii 


10 

2.2 

22.5 

121 


61 


45 

70 

121 


10 

2.2 

[ 22.5 

97 


50 


45 

70 

107 


never completely empty and the rate of absorption of the drug will be influenced 
by the amount of material in the stomach which in turn affects the mortality 
rate. 

Cross tolerance. Since discrepancies exist in the literature (18, 19, 22) as to 
whether or not cross tolerance to barbiturates can be produced in experimental 
animals further experiments were performed in the hope of obtaining conclusive 
results. Five dogs were given, intravenously, 20 mgm. per kgm. of pentobarbital 
sodium and the duration of the induced sleep recorded. One month later after 
a series of injections had made these animals tolerant to butisol sodium the 
same dose of pentobarbital was administered as had been originally (table 1). 
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The average sleeping time before the butisol treatments was 81 minutes and after 
it was only 55 minutes. 

A few experiments were also performed on rats. All of the animals which 
showed a decrease in the duration of sleep following repeated injections of butisol 
sodium showed a decrease following pentobarbital sodium and vice versa. 

Twelve rats whose average sleeping time decreased from 213 to 124 minutes 
from the first to the fifth injection of butisol sodium were given 29 mgm. per 
kgm. of pentobarbital sodium. As a result two of the animals failed to show any 
hypnosis and the remaining animals slept an average of 34 minutes. These 
injections were" repeated at 48 hour intervals and the sleeping time gradually 
increased until it reached 65 minutes on the fourth injection. The animals were 
then rested for one month after which they were again injected with 29 mgm. per 

TABLE 5 


The effect of repeated administrations of one barbiturate on the duration of the sleeping 

time of another 

Rabbits of the same strain and weight (±0.3 kgm. of the average) were used in each group 


BARBITURATE 

DOSE 

NUM- 
BER or 

AVEX- 

duration or 

HYPNOSIS 

24 HOURS AFTER 3RD 

DURA- 

DURATION 1 Or 
SLEEP 

ANI- 

MALS 

AbE 

WT. 

1st 

Injec- 

tion 

3rd 

Injec- 

tion 


Dose 

OT 

SLEEP 

14 

days 

later 

7\ 

days 

later 


mgm./ 
kgm. 1 


him. 

min - 
vies 

min- | 
vies ! 


B9 

min' 

vies 

min- 
utes 1 

r»in* 

utet 

Butisol sodium 

36 

mm 


113 

51 

Pentobarbital 

IB 

21 

40 



36 

12 


144 

60 

sodium 

IB 

2S 

50 

lj 


36 

14 

2.0 

120 

40 


mm 

21 

54 

E 


36 

12 

3.1 

143 

72 


18 

32 

84 

II 

Pentobarbital 

IS 

12 

3.0 

84 

32 

Butisol 

36 

84 

■ 

153 

sodium 

22.5 

L 

17 

! 2.6 

t 

85 

• 

51 

1 

sodium 

Amytal sodium 

37.5 

69 


127 



17 




Pentobarbital 

18 

43 

S5 | 



w 





sodium 






kilogram of pentobarbital sodium. As a result of this injection one animal died 
and the remaining animals slept for an average of 104 minutes. In another 
group of 14, each animal was given 29 mgm. per kgm. of pentobarbital sodium 
every other day for five injections and during this period the sleeping time 
decreased from 145 minutes to 73 minutes. Butisol sodium, 40 mgm. per kgm., 
was then substituted for the pentobarbital and the average sleep was 190 min- 
utes. After the sixth injection of butisol the time had been reduced to 135 min- 
utes. For three weeks the animals were kept undosed and then the same dose 
of butisol was administered resulting in a sleep with an average duration of 250 
minutes. From these results in rats it can be seen that tolerance acquired for 
the one barbiturate also provided tolerance for the other. 

Most of our work on cross tolerance to barbiturates was done on rabbits. It 
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will be seen in table 5 that the 48 animals made tolerant to butisol sodium upon 
repeated intravenous injections of the drug were also tolerant to pentobarbital 
sodium when it was similarly administered. The average sleeping time following 
the intravenous administration of the latter drug immediately after the animals 
were made tolerant to the former was 26 minutes, but fourteen days later, during 
which period no barbiturate was administered, the same dose of the drug pro- 
duced an average sleeping time of 58 minutes. From table 5 it will be seen that 
animals tolerant to pentobarbital were also tolerant to butisol and amytal sodium 
and likewise animals made tolerant to amytal sodium were also tolerant to 
pentobarbital sodium. 


CONCLUSIONS 

1. If a reduction in sleeping time can be taken as a criterion of acquired toler- 
ance to barbiturates in experimental animals then we have demonstrated (a) that 
dogs can acquire tolerance to butisol sodium and pentobarbital sodium (b) 
rats can acquire a tolerance to butisol sodium, pentobarbital sodium, cyclopal, 
ortal sodium and seconal sodium and (c) rabbits can acquire a tolerance to amytal 
sodium, butisol sodium, pentobarbital sodium, seconal sodium, cyclopal and 
evipal sodium. 

2. A tolerance to the barbiturate, as judged by the shortened sleeping time, 
is no protection against the LD M . 

3. A dog, rabbit or rat made tolerant to one barbiturate will very likely show' 
some tolerance to all other barbiturates. Cross tolerance was shown in rabbits 
for butisol sodium, pentobarbital sodium and amytal sodium, in dogs and rats 
for butisol sodium and pentobarbital sodium. 

4. In developing tolerance in rabbits the time interval can be longer between 
administrations when long acting barbiturates are used than when short acting 
barbiturates are studied. To develop tolerance in rabbits to evipal sodium the 
drug must be administered twice each day. 

5. Tolerance to the barbiturate is rapidly lost in experimental animals follow- 
ing cessation of administration. 

IVc wish to thank the following for the barbiturates used in these experiments: 
McNeil Laboratories, Butisol Sodium; Eli Lilly and Co., Sodium Amytal, Sec- 
onal Sodium and Pentobarbital Sodium; The Upjohn Co., Cyclopal; Parke 
Davis and Co., Ortal Sodium; and IVinthrop Chemical Co., Evipal. 

REFERENCES 

1. Deuel, H. J., Chambers, W. I!., axd Miliiorat, A. J.: J. Biol. Chem., 69: 249, 1926. 

2. Swan-sox, E. E., Weaver, M. M., a.vd Chen, K. K.: Am. J. Med. Sci., 193; 246, 1937. 

3. Ravdin, I. S., DtiAtiKiN, D. I,., and Bothe, A. E.: J. Lab. Clin. Med., 16; 561, 1930. 

4. Fitch, R. 11. Tins Journal, 39: 266, 1930. 

5. Masuda, M., Budde, R. N., and Dille, J. M.: J. Amor. Phannaccut. Assoc., 2 1 : S30 

193S. 

0. Nicholas, J. S., and Barron, D. II.: Tins Journal, 48: 125, 1932. 

7. Mott, F. W., Woodhou.se, D.L., and Ricxd ortii, F. A.: Brit. J. Expcr. Path., 7: 325 



196 


CHARLES M. GRUBER AND GOLDIE FREEDMAN KETSER 


8. Eddy, N. B.: This Journal, 37: 261, 1929. 

9. Oettel, H., and Krautwald, A.: Klin. Wchnschr., 16: 299, 1937. 

10. Bachem, C.: Arch. f. Exp. Path. u. Pharm., 63 : 228, 1910. 

11. Hofmann, A.: Inaug. Diss, Giessen, 1906. 

12. Stanton, E. J.: This Journal, 67 : 245, 1936. 

13. Ettinger, G. H.: This Journal, 63 : 82, 193S. 

14. Moir, W. M.: This Journal, 69: 6S, 1937. 

15. Barlow, 0. W.: This Journal, 66: 1, 1935. 

16. Carmichael, E. B., and Posey, L. C.: Proc. Soc. Exper. Biol. & Med., 30: 1329, 1933. 

17. Kennedy, IV. P.: This Journal, 60: 347, 1934. 

18. Dallemagne, M. J.: Arch. Internet, de pharmacodyn et de therap., 66 : 52, 1941. 

19. Green, M. W., and Koppanyi, T.: Anesthesiology, 6 : 329, 1944. 

20. Carmichael, E. B., and Thompson, W. D.: Proc. Soc. Exper. Biol, and Med., 46 : 233, 

1941. 

21. Fitch, R. H., and Tatum, A. L.: This Journal, 44: 325, 1932. 

22. Gruber, C. M., and Freedman, G.: Federation Proceedings, 4: 121, 1945. 

23. Vander Brook, M. S., and Cartland, G. E.: This Journal, 80: 119, 1944. 

24. Seevers, M. H., and Tatum, A. L.: This Journal, 42 : 222, 1931. 

25. Hoff, H., and Kauders, O.: Ztschr. f. d. ges. Neurol, u. Psychiat., 103: 176, 1926. 



PRELIMINARY STUDIES OF THE ANESTHETIC ACTIVITY OF 
FLUORINATED HYDROCARBONS 1 

BENJAMIN H. ROBBINS 

From the Department of Pharmacology, Vanderbilt University School of Medicine, Xashville, 

Tennessee 

Received for Publication November 6, 1915 

Numerous reports relative to the anesthetic activity of chlorine, bromine and 
iodine derivatives of the lower members of the methane and ethylene series of 
hydrocarbons have been made, the most recent being that of Abreu et al. in 
1944 (1). Fluorine derivatives of the lower hydrocarbons have however received 
no such extensive stud}'. Most of the reports on fluorinated hydrocarbons deal 
with those members used as refrigerants (Brenner (2), Booth and Bixby (3) ). 
Struck and Plattner (4) investigated CiFio, C s Fi 0 and C 6 Fj 2 for their anesthetic 
activity. These compounds did not produce full anesthesia, and the mice had 
convulsions upon stimulation. Henne and his associates (5) have included re- 
marks relative to the physiological activity, or lack of such activity, of certain 
fluorinated hydrocarbons in their reports on the preparation and chemical charac- 
teristics of these substances. 

We have had the opportunity during the past, two years of testing some forty- 
six fluorine compounds for their anesthetic activity. These substances were 
prepared by Dr. E. T. McBee and his associates at Purdue University, who veiy 
kindly permitted us to test them for their anesthetic activity. Over one-half Of 
these agents are new and data on their chemical characteristics as well as the 
methods used in their preparation will be published by Dr. McBee and his 
associates. 

Although most of these substances contain other halogens in addition to flu- 
orine, there have been sufficient fluorine compounds in this series to show that 
these are not as inert physiologically as previously thought. 

PART i 

Mktiiods. Animals. Adult male white mice were used throughout this study. 

Determination of anesthetic and fatal concentration : The procedure was to determine 
the concentrations of the compound necessary to anesthetize 50% of the mice upon ten 
minutes’ exposure and that necessary to cause death in 50% in ten minutes. Two mice 
were placed into a closed 2.7 liter bottle, 12 cm. internal diameter, and the compound in- 
jected through a rubber dam and volatilized (except for the four low boiling ones). The 
bottle containing the mice was then attached to a revolving machine, 14 revolutions per 
minute, anel the time noted at which the mice were unable to maintain an upright position 
and rolled over continuously for 15 seconds. After determining the concentration necessary 
for anesthesia, that necessary for respiratory arrest of 50% of the mice in 10 minutes’ 
exposure was found. The mice which survived the FD50 concentration for 10 minutes were 

' lunds for carrying out this work were kindly supplied by the Mallinckrodt Chemical 
Works. 
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TABLE 1 

The concentrations of various halogenated hydrocarbons necessary to produce anesthesia and 
respiratory arrest in SO per cent of the mice exposed 


Also the time necessary for induction of anesthesia as -well as times necessary for re- 
covery of pain sensation and ability to walk after exposure to the FD50 for 10 minutes are 
given. 


FORMULA 

BP® 


FD50 

yp50 

NO 

TlMZf 

REMARKS® 




AD 50 


mmummm 



Fluorine substituted hydrocarbons and ethers 




rot.% 

vcl.% 







CFjCHi 

-46 

50-60 



5 




conv. on re- 










co very 

CF,CH=CH : 

-24 

60 



13 




conv. on re- 










covery 

C’F.CH.CH. 

-12 1 

50 

! 


5 





CF.CH.CF. 

-.5 

11 


4 

14 


30’ 

90' 


CH.CF.CF.CH, . 

17 

20 


3 

18 


10" 

90' 


CH,CFiCH=CH, . . 

24 

8.3 


3 

26 

20' 

20' 

2-3' 


CH.CF5CH.CH, 

30.8 

6 

12 

2 

24 

1' 

20' 

60' 


CF.CH.CF.CH, 

40 

5 



9 


30" 

60' 


CF.CH.OCH, 


8 

16 

2 

20 

20' 

2' 

4' 


CF.CH.OC.H. 


4 

S 

2 

16 

30' 

20' 

60' 


CHF.CH.OC.Hs 

: os | 

4 

9 

2.2 

24 

P 

2' 

5'-20' 



Bromine substituted fluoro hydrocarbons 


CF.CH.Br 

mm 

2.8 

11.7 

4.2 

74 

15" 

75" 

3' 


CF.CHBrCH, 


1.7 

7.6 

4.5 

22 

15" 

60' 

2-3' 


CHF.CH.Br 

57 

1.3 

4.6 

3.5 

90 

45' 

2' 

S' 


CF.CH.CH.Br 

62 

1.5 

4.5 

3 

24 

45' 

45’ 

90' 

D. D. 

CFtClCH.Br 

6S 

.8 

3.7 

4.6 

72 

20' 

5' 

10' 


CF.CHBr. 

73 

.4 

2 

5 

44 

20' 

4' 

10' 


CH, CF.CH.Br 

75.4 

1.25 

5.8 

4 6 

36 

20' 

3' 

10' 


CF.ClCHBrCH. 

89 

.56 

2.2 

4 

26 

15" 

7' 

10-20' 


CF.CHBrCH.Br 

116 

.1 

.67 

6.7 

52 

45' 


20' 

D. D. 


Chlorine and iodine substituted fluoroethane 


CF.C1CH. 

CF.CH-Cl 

-9.6 

6 1 

25 

8 

25 

3 

12 

23 




conv. on re- 
covery 
conv. on re- 
covery 

CF.CHCl. 

2S 7 

2 7 

7.7 

2 8 

24 

30' 

70' 



CFCl.CH, 

31.7 

2.5 

5 

2 

26 

75' 

75' 



CHF.CH.Cl. 

36 

2.15 

7.5 

3.5 

56 

45' 

3' 

5' 


CF.CICH.Cl . 

46.8 

1.3 

4.3 


8 

GO' 

4' 

7' 

D. D. 

CF.CH.I 

55 

1.25 

5 

4 

30 

15' 

2' 

o' 

. 


* conv. on recovery = convulsions during the recovery period. 

D. D. = delayed death, within 24-4S hours after anesthesia 

| A = Time necessary for induction of anesthesia of mice when exposed to LD50 con- 
centration. P = Time necessary for recovery of pain sensation after exposure to the LD50 
concentration for 10 minutes \V = Time necessary for the return of normal walking after 
exposure to the LD50 concentration for 10 minutes. 
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TABLE 1 — Continued 


TOXUVLA 

BP* 


fd50 

tdSO 

AD50 

NO. 

MICE 

TIMEt 

REMARKS* 

EH 

EH 


Chlorine substituted fluoropropane 



tol.% 

c oJ.% 

1 



l 



CI'iCICHjCHj .. 

25.-26. 

8 

16 

2 

10 

! 30" 


90" 


CFiCHiCHjCI. . 

45 

3 

9.7 

3.2 

20 

20" 


60" 

D. D. 

CFjCCIjCHi . 

48.1 

4 

mm 

2.5 

32 

20" 

20" 

60" 


CHFiCHClCHj . 

52 

1.7 

7.6 1 

4.5 

30 

15" 

3' 

7' 


CH,CFiCHjCl . 

55 

2.15 

8.4 

4 

50 

20" 

45" 

4' 


CFCIjCHjCHj .. 

66.7 

1.5 

5.3 

3.5 

30 

20" 

90" 

2-3' 


CFiCICHClCHj . . . 

69.5 

.96 

4.1 

4.3 

66 

20" 

3' 

6' 


CFiCHjCHCb .. 

71 

.56 

2.4 

4.3 

36 

45* 

CO 

o 

* 

5' 

D. D. 

CFjCHCICHjCI . 

75.5 

.4-. 5 

2.2 

4.5 

20 

30" 

3' 

7' 


CFjCICHrCH.Cl 

HE 

.9 

2.25 

2.5 

30 

45" 

45* 

3' 

D. D. 

CFjClCHClCFCh . 

] 85 

.6 

1.8 

3 

30 

90" 

2' 

6' 

D. D. 


Chlorine substituted fluorobutane 


C.HC1F, . . 

CHjCFjCFCICHj 

34 

53 

3.4 

11. S 

3.5 

26 

■ 

90" 

4' 

convulsions 

CHiCFCICHiCHj 

67 

1.8 

6 

3.3 

44 


1' 

5' 


CHaCFjCHClCHi 

71.4 

.74 

3.7 

5 

34 

f.&iB 

90" 

3' 

' 

C,H,F S C1 

89 


4 

4 

28 

45* 1 

2' 

1 6' 


CHjCFsCHjCHCI- 

117 

.35 

1.3 

3.7 

32 

IP 

5' 

Kil 

D. D. 

CH,CF.CHC1CH;C1 


.2 

1 

5 

MM 

IS3I 

5' i 

18 


C.HtFjCl, . 

| 137 

12 

.7 

5.8 

j 44 

1 2 ' 

8' 

IS 



Diethyl ether and chloroform for comparison 


CjHiOCiHs 

1 35 1 






5' 

CHClj 

61 2 






5' 


removed from the bottle and examined to determine the time necessary to recover pain 
sensation (pressure on tail) and ability to walk. 

With the loner boiling compounds the anesthetic mixture was prepared by letting the 
compounds volatilize into a deflated rubber bag and then transferring known volumes of 
the gas to a 500 ce. jar containing the mice in an O a atmosphere. 

The number of mice used with the different agents varied from 5 to 90, this variation 
depending upon the quantity of material available. 

The results of this study are presented in table 1 , including the chemical for- 
mula, boiling point, Anesthetic Dose 50, and Fatal Dose 50, their ratio, induction 
time when exposed to the FD50 concentration, recovery time for pain sensation, 
and ability to walk after 10 minutes’ exposure to FD50 concentration, and finally 
remarks regarding convulsions and delayed deaths. 

In the last two lines in table 1 data obtained with diethyl ether and chloroform 
arc included for comparison. 

Upon examining the data in table 1 certain points may be made: 

1. All the compounds, except CJIClF t , produced anesthesia in the mice. 
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2. The low boiling compounds pioduce convulsive movements particularly 
during the period of recovery from the agents; convulsive movements were noted 
by Struck and Plattner (4) who used C 4 Fio, CgF 10 and CsFi«, and Brenner (2) 
investigated the mechanism by which convulsions were produced by CFjCl;. 

3. There is an increase in potency of the members of each group as the boiling 
point increases. 


TABLE 2 


The effect of larying the type and number of secondary halogen substituents upon the con- 
centration of the agents necessary for anesthesia and respiratory arrest 


TORATO LA 

BOILING POINT 

AD50 

FD50 

rDS0/ABJ0 

Trifluoroethanes 

CFiCHj 

CFjCHjCl 

CFsCHiBr 

CFjCHsI 

CFaCHCl. 

CFjCHBrj 

-40° 

6.1 

26.5 

55 

2S 

73 


To 

25 

11 7 

5 

7 7 

2 

3 

4 2 

4 

2 S 

5 

Tnfluoropropanes 

CFiCHiCHj 

-12 

50 


■■ 

CFaCHsCHjCl 

45 

3 

9.7 


CFjCHiCHjBr 

62 

1 5 

4.5 

IBB 

CFjCHCICHjCI 

75 

.4- 5 

2.2 


CFjCHBrCHsBr 

116 

.1 

67 

mm 


Difluoropropanes 


CHjCFjCHsCl 

55 

2 15 

8.6 


CHjCF*CHiBr 

75 

1.25 

5 8 


CFjCICHCICHj 

69 5 

96 

4.1 


CFtClCHBrCH, 

89 

.50 

2 2 



4. Approximately one-half of the substances examined have as great margins 
of safety, FD50/AD50 index, as do ether and chloroform w hen tested by this 
procedure. 

5. Only the bromine substituted fluorohydrocarbons as a group have margins 
of safety greater than ether or chloroform. 

6. The time necessary for recovery of pain sensation and the ability to walk 
is much greater following 10 minutes’ exposure to the higher boiling substances 
than following a like period of exposure to the lower boiling substances even 
though the rates of induction with all compounds are approximately the same. 

Data for fifteen compounds from table 1 are presented in table 2 where the 
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compounds are arranged in groups of two or more in which the members of each 
group differ only in the type of secondary halogen substitution. From the data 
in table 2 one may state that: 

1. The introduction of a second halogen atom, either chlorine, bromine or 
iodine, into a fluorohydrocarbon increases the potency very markedly. 

2. Bromine substitution increases the potency 2-4 times more than chlorine 
in each of the six pairs of compounds studied. 

3. The dibrom and dichlor substituted fluorohydrocarbons are more potent 
than their monosubstituted homologues. 

PART II 

We have selected several compounds which had high FD50/AD50 ratios for 
study on dogs for their anesthetic effect. 

Methods. Because only limited quantities of the substances were available small 
dogs were selected for use. 

Preparations were made for recording blood pressure, respiration, and for observing 
electrocardiac changes (Lead 11) by use of a Sanborn Cardioscope. As a rule, the trachea 
was cannulated using procaine-HCl as an anesthetic. After preliminary control observa- 
tions of blood pressure, respiration, heart rate and electrocardiographic pattern were 
obtained, attempts to produce anesthesia were begun. A to-and-fro closed system was used 
and after connecting the gas bag, filled with oxygen, and soda lime cannister to the tracheal 
cannula the drug was added to the system at the distal end of the cannister, at the rate 
of .05 — .1 cc. per kilo body weight per 1 to 2 minutes until anesthesia (Stage 111.) was in- 
duced; at this time further records of blood pressure, respiration, heart rate and electro- 
cardiographic observations were made. Then further quantities of the drug were added 
until Stage IV (respiratory arrest) was approached or reached. Records were made of 
Stage 111., Ill,, 111,, and IV. 

The results of these studies on dogs are shown in table 3, from which the fol- 
lowing conclusions are drawn : 

1. All of the eighteen compounds produced anesthesia in dogs. 

2. These agents produced a fall in blood pressure which became more marked 
in the deeper levels of anesthesia. 

3. Abnormalities of the cardiac rhythm as shown by electrocardioscopic 
examination were very frequently produced, and ventricular fibrillation was 
observed in four instances. 

4. Dogs under nine of the eighteen compounds showed hyper-activity of the 
skeletal muscles, and this was more marked during the deeper levels of anesthesia. 

5. The results obtained with four of these compounds, CFjCHBrCHj, 
CFjCHBrj, CFjCHClCH.Cl and CHFjCHCICH,, are such that we feel further 
investigations of them as possible anesthetic agents are indicated. 

SUMMARY AND CONCLUSIONS 

1. The anesthetic activity of forty-six hydrocarbons containing fluorine 
alone, or in addition to other halogens, has been determined in mice. 

2. Eighteen of these forty-six compounds have been used on dogs to studv 
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TABLE 3 


Effect of various halogenated hydrocarbons upon the blood pressure and rhythm of the heart 
during anesthesia by these agents 


COMTOUND 

EXPT, 

NO. 

BLOOD FEES SURE 

CARDIAC ARRHYTHMIA f 

REMARKS 

Con* 

trol 

nii 

nii 

in* 

a 

CFjCHiBr 

1 

. 

125 

100 


70 


None 

Skeletal move- 









ment III* 


2 

140 


125 

70 


V. ex.; v. tach. 

Tremor stages 









III, & IV 


3 

120 


80 


55 

V. ex. 

Tremor stages 









III* k IV 


4 

130 



70 

40 

V. ex.; nodal 

Rigid stage IV 

CHF.CH.Br 

1 

130 


120 

100 


V. ex.; nodal 

Rigid; convul- 









sion 

CFjCHjT 

1 * 

H 


105 



Nodal; v. ex. 



2 

□ 


100 

75 

65 

V. ex. 


CF.ClCHjBr 

i 

120 

115 


85 


A.V. dis.; nodal 



2 

100 

90 

90 



4:1 block; nodal 









v. fib. 



3 

120 


90 



V. ex.; v. tach.; 









nodal 



4 

120 

100 

m ■[ 



Nodal ; v. tach. 


CFC1.CH, 

1 

150 

90 


55 


Nodal 

Rigid 

CH-CICF-CH, 

1 

115 



El 


None 



2 

100 

90 

iiffi 

El 


Nodal 



3 

130 

50 


Bfl 


A. V. block 



4 

110 

B 

s 

20 


V. tach.; nodal 


CC1F;CHC1CHj 

1 

140 

90 

75 

40 


Low voltage 









Stage III-_i 



2 

00 

70 


55 


None 



3 

120 



40 


None 



4 

100 

70 

E 



None 


CF.CHsCHCl. 

1 

130 

120 




None 



o 

120 





V. fib. stage II 



3 

120 





Nodal; v. ex.; 









v. fib. stage 









ii 



4 


STrii 

ms 

80 


Low voltage 



5 




70 


None 



* Classification after Seevers, et al. (6). 

•f V. ex. = ventricular extra systole; v. tach. = ventricular tachycardia; nodal = auricu- 
loventricular nodal rhythm; A.V. dis. «= auriculoventricular dissociation; A.V. block = 
auriculoventricular block. 

















































CFjCHBrj 


CFjCHCICHiCI 


CHFjCHClCH, 


CFjCICHBrCH, 


1 100 85 80 100 75 None 

2 120 100 100 65 None 


100 85-100 
90 105 70 


CHjBrCFjCH, 



Rigid with con- 
vulsions on 
stimulation 


Tremor: rigid 
V. fib. during 
induction 


Tremor; convul- 


Rapidrisein Bp. 
when anesthe- 
sia stopped 
Rapid rise in Bp. 
when anesthe- 
sia stopped 
Rapid rise in Bp. 
when anesthe- 
sia stopped 
Rapid rise in Bp. 
when anesthe- 
sia stopped 
Rapid rise in Bp. 
when anesthe- 
sia stopped 



40 Low voltage Tremor on re- 
stage III< covery 

70 M.F. v. ex. in- Tremor on re- 
duction covery 

A.V. nodal; ir- 
regular 


S.A. inhibition 
stage I 

1 . ex., stage I; Leg movement, 
low voltage stage III, 
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their effect upon the blood pressure and changes in the cardiac rhythm as show 
by electrocardioscopic examination. 

3. Data obtained with four of these compounds are such that further stud 
of them as anesthetic agents is indicated. 
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ERRATUM 

In the article by Gladys A. Emerson and Dorothy G. Smith, “Induction of 
Nutritional Deficiency by Oral Administration of Streptomycin”, which ap- 
peared in The Journal of Pharmacology and Experimental Therapeutics, 86: 
330-342, 1945, on page 337, line 5, there should be included in the H4 diet 
10 mg. Ca pantothenate and 10 mg. of nicotinamide per 100 gm. of ration. 
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Substitution of thiophene for the benzene nucleus has been shown by a number 
of investigations (1-5) to result in pharmacologic equivalence. This occurs 
even though such alteration has been made in series widely unrelated pharma- 
cologically. Blicke and co-workers have prepared a series of basic esters of 
substituted a-thienylacetic, a-thienylglyeolic (a-thienylhydroxyacetic) (6) and 
p-xenylacetic acids (7), which were tested for antispasmodic activity and toxicity 
by Levis, Lands and Geiter (8) and Lands and Nash (9). Since the latter two 
groups of investigators indicated that some of their agents possessed potent 
antispasmodic properties, it was decided to extend their investigations to different 
smooth muscle preparations and species of animals. Three of their more active 
compounds selected include: /3-diethylaminoethyl phenyl-a-thienylglycolate 
HCl, /3-diethylaminoethyl phenyl-a-thienylacetate HCl and /3-piperidinoethyl- 
a-methyl p-xenylacetate HCl. In addition, the known spasmolytics, atropine 
sulfate, /3-diethylaminoethyl diphenylacetate HCl (trasentin) and /S-diethyl- 
aminoethyl fluorene-9-carboxylate HCl (pavatrine) have been included in 
some experiments. Since experiments in rabbits indicated that /3-diethylami- 
noethyl phenyl-a-thienylglycolate HCl was highly potent, most of the detailed 
studies in the dog and monkey were made with only this compound compared 
with one or more known spasmolytics. 

Method. Spasmolytic action was determined in: 12 rabbits anesthetized with paralde- 
hyde, 2 cc./kgm., intragastrically; 6 dogs pretreated with morphine sulfate, 4 mgm./kgm., 
subcutaneously; and 7 monkeys pretreated with morphine sulfate, from 4 to 10 mgm./kgm., 
5 of which were sedated with sodium pentobarbital, from 10 to 20 mgm./kgm., intraperito- 
neally. No appreciable differences in spasmolytic response were noted between unanesthe- 
fized and sedated monkeys. 

The activity of both the distal ileum and proximal portion of the ascending colon was re- 
corded in the rabbit after abdominal incision and insertion of single small balloons into 
each of these structures. Recording was accomplished by connecting the catheters to 
Harvard membrane manometers. Air transmission was used throughout. In dogs and 
monkeys, balloons in tandem filled but not distended with air were connected to the same 
type manometer system used in the rabbit . In these two species, the balloons were intro- 
duced 20410 cm. into the distal colon by way of the rectum. 

1 Aided by a research grant from Frederick Sterns <fc Company, Division, Sterling Drug, 
Inc., Detroit, 

2 Research Fellow in Pharmacology. 
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Hyperactivity of the rabbit intestine was induced by pilocarpine HC1, 1 mgm./kgm. given 
intravenously. Morphine sulfate, in the dosage indicated above, was used as the spasmo- 
genic agent in dogs and monkeys since Atkinson, Adler and Ivy (10) have indicated that 
hypertonus produced by this agent may be similar to the hypertonus and spasm which 
occurs in human colonic disease. 

Mean blood pressure was recorded from the carotid or femoral artery by means of a mer- 
cury manometer in 4 rabbits anesthetized with paraldehyde, 2 cc./kgm*, intragastrically, 
and in 3 dogs anesthetized with morphine sulfate, 4 mgm./kgm., subcutaneously, and 
sodium pentobarbital, 20 mgm./kgm., intravenously. Changes in cardiac rate were de- 
termined in 6 morphine treated dogs and 3 untreated dogs. 

In order to obtain some indication of action on the central nervous system, unanesthetized 
monkeys or dogs were observed after the subcutaneous administration of /?-dtethylammo- 
ethyl phenyl-a-thienglycolate HC1. An estimate of qualitative action in the central nervous 
system was obtained by determining: 1) whether the animal showed abnormal resentment 
to restriction by tying on a short tether or by being bound to an animal board; 2) whether 
he responded when caged to prodding bj' a small bar; 3) whether he was able to take 
proffered articles of food in the usual manner, and 4) whether the animal's unrestricted gait 
on the laboratory floor was influenced. 

One monkey received daily amounts of /3-dieth3’laminoeth3’l phc^l-a-thienj’lgb'col&te 
HC1 which began at 1 mgm./kgm., intramuscular^, and were increased geometrical!}’ until 
death resulted. 

The dosage of the various spasmolytics used varied from 0.1 to 1 mgm./kgm. and ad- 
ministration was either by the intravenous or subcutaneous route. 

Results and discussion. Rabbits. The extremes of duration of colonic and 
ileal spasmolysis for this group of animals are shown in table 1. The mean 
blood pressure was uniformly elevated after the administration of the various 
spasmolytics. Elevations were as follows : From 4 to 30 mm. Hg above controls 
averaging 74 mm. Hg by 0-diethylaminoethyl phenyl-a-thienylglycolate HC1, 
1 mgm./kgm.; from 2 to 30 mm. Hg above controls averaging 66 mm. Hg by 
/3-diethylaminoethyl plienyl-a-thienylacetate HC1, 1 mgm./kgm.; From 2 to 31 
mm. Hg. above controls averaging 73 mm. Hg by / 3 -piperidinoethyl-a-methyl 
p-xenydacetate HC1, 1 mgm./kgm.; from S to 14 mm. Hg above controls aver- 
aging 77 mm. Hg by /3-dietliylaminoethyl diphenylacetate HC1 (trasentm), 
1 mgm./kgm. It should be noted that the spasmogenic dosage of pilocarpine 
HC1 employed produced some vasodepression and that part of the pressor effect 
observed after the spasmolytics was probably due to an anticholinergic action. 
All of these agents produce slight pressor effects in the anesthetized dog (see 
below). 

Since these rabbits were anesthetized, no evidence of central nervous system 
stimulation was obtainable. However, if any significant stimulant effect had 
occurred as results after application of such agents as amphetamine sulfate or 
metrazol, definite analepsis would have been observable. Xo deepening of 
anesthesia was noted, indicating that no marked central nervous system de- 
pression resulted. 

Dogs. The duration of colonic spasmolysis after intravenous and subcutaneous 
dosage of some of the spasmolytics is shown in table 1. Figures 1 and 2 are 
representative of experiments in which the spasmolytics were administered 
intravenously and subcutaneously. 
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Cardiac rate was increased by /3-diethylaminoethyI pbenyl-ar-thienvlglycolafe, 
1 mgm./kgm. given subcutaneously in morphinized and untreated dogs. Mean 
control cardiac rate for the morphinized dogs was GO with extremes of fiom 48 


Lf ■ ..J.' ..r'y.-.-f’jr . ... . * 


3 l.4wlhyt an ' , ' l *' k >>l^ 4>^>tnyl atlltl* 
Timt slmtiMlU 


OlmS^ZV 


,f-^-di*tnylam noarhy. ph»oy,'H-IVMiByIhj4re«y«e»*»l« HCl O > /*} I V 



Fig, 1 Colonic activity, dog morphine sulfate 5 mgm /hgm 1 v Effects of intrave- 
nous injection of spasmolytics on colonic activity of the dog 60-90 minutes after spas- 
mogenic dosage of morphine sulfate Interruption of base line indicates application of 
spasmolytic agent. 


/VtT*opn>e Sulfate O 1 mg./*g. 5 Q 
Dup*i*on of effect »2fminulpa 




% !»»»»« • »*•»*»» 



0-di«thyIai»iTi«alhyl diphenyl sedate HC1 (Tr»»t»tinJ lmj 
Duration of effect s 11 minutes 


• ^ 


13" Difcthyiamtnocthy) ph«nyl“4| 
Dupnlion of 
minute* 


Wftn iwrtu . ni a 


'tbienyjhydroxyacetata MCI 
= 61 minutes 
deleted 


SjQ 






1ig,2 Colonic acfivitj, morphine sulfate 5 mgm /Kgm sq dog c*. Effect of sub- 
cutaneous injection of spismolytus on colonic activity of the dog 60 90 minutes after spas- 
mogenic dosage of morphine sulfate Interruption of b ise lino indicates application of 
Rpasuiol> tic agent 


to 72 beats per minute; for the untreated dogs it was 1 10 with extremes of from 
to 13S beats per minute. The observed percentage changes from the mean 
control after subcutaneous adminNttation weie a ^ follows; in morphinized 
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dogs from 140 to 254, and in untreated dogs from 97 to 152. The same un- 
treated dogs on another day received /?-diethylaminoethyI phenyl-a-thienyl- 
acetate HC1, 1 mgm./kgm. subcutaneously and showed slight elevations in 
cardiac rate. Percentage changes from their control rate (see above) were 
from 12 to 15. 

Mean blood pressure in dogs anesthetized with morphine sulfate and sodium 
pentobarbital was generally elevated by small but appreciable amounts. Ele- 
vations after intravenous doses of the spasmolytics were as follows: From 0 to 
22 mm. Hg above controls averaging 121 mm. Hg by / 3 -diethylaminoethyl 
phenyl-or-thienyl-glycolate HC1, 0.1 mgm./kgm.; from 2 to 24 mm. Hg above 
controls averaging 118 mm. Hg by /S-diethylaminoethyl phenyl-a-thienylncetate 
HC1, 1 mgm./kgm.; from 0 to 20 mm. Hg above controls averaging 123 mm. 
Hg by /3-diethylaminoethyl diphenylacetate HC1 (trasentin), 1 mgm./kgm.; 
from 10 to 12 mm. Hg above controls averaging 115 mm. Hg by /J-diethyl- 
aminoethyl fluorene-9-earbo.\ylate HC1 (pavatrine), 1 mgm./kgm.; and from 0 
to 14 mm. Hg above controls averaging 1 1G mm. Hg by atropine sulfate, 0.1 
mgm./kgm. 

Possible evidence of central nervous system stimulation or depression was ob- 
tained in unanesthetized dogs which received /3-diethylaminoethyl pbenyl-a- 
thienylglycolate HC1, 1 mgm./kgm. subcutaneously. Dogs on an animal 
board or tied on a short tether showed evidence of marked excitement by barking 
loudly and forcefully attempting to overcome their restriction. This could be 
considered evidence of central nervous system stimulation if it were not for the 
fact that when these animals were not restricted they exhibited ataxia when 
allowed to walk about on the laboratory floor. It is very likely that what 
appeared to be central nervous system stimulation when the dog was restricted 
was only evidence of removal of higher cerebral center inhibition since when the 
animal was released the only evidences of central nervous system action was 
cortical depression (ataxia). Similar phenomena have been observed in the dog 
after subanesthetic dosage of sodium pentothal or after scopolamine HBr, 1 
mgm./kgm., intravenously (11). /3-diethyl-aminocthyl phenyl-a-thienylacetate 
HC1, 1 mgm./kgm., subcutaneously in these same dogs on another occasion did 
not produce any observable changes in their activity. Since dogs showed this 
marked central nervous system action from /3-diethylaminoethyl phenyl-a- 
thienylglycolate HC1 and since it appeared to be a highly potent spasmolytic 
agent in this species, more intensive studies were made in the monkey to ascer- 
tain if any species difference existed. 

Monkeys. The duration of colonic spasmolysis after subcutaneous dosage of 
the four spasmolytics investigated in this species is summarized in table 1. Rep- 
resentative records are presented in Figure 3 and give an indication of the 
variation in response to two different doses of /3-dieth j r l a min oethyl phenyl-a- 
thienylglvcolatc HC1. 

The cardiac rate was increased by all of the agents but marked differences in 
response from that of the dog were noted with / 3 -dictliylaminoetliyl phenyl-a- 
thienylglycolatc HCI. All monkey data were obtained after the spasmogenic 
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dose of morphine sulfate had been administered. Mean control cardiac rate 
for the group was 230 with extremes of from 214 to 250 beats per minute. The 
percentage changes from the mean control after subcutaneous administration 
were as follows: From 0 to 10 after /3-diethylaminoethyl phenyl-a-thienylgly- 
colate HC1, 1 mgm./kgm.; from 0 to 12.5 after 0-diethylaminoethyl fluorene-9- 
carboxylate HC1 (pavatrine), 1 mgm./kgm. ; from 0 to 14 after diethylaminoethyl 
diphenylacetate HC1 (trasentin), 1 mgm./kgm.; and from 5 to 70 after atropine 
sulfate, 0.1 mg./kgm. 

Central nervous system effects did not appear in any of the monkeys which 
received 1 mgm./kgm. of /3-diethylaminoethyl phenyl -a-thienylglycolate HC1. 

TABLE I 


Duration of spasmolytic in different species expressed in minutes 


DRLCS 

DOSE PER ECU 

RABBIT, l \ 

DOG (COLON) 

MONKEY 

(COLON) 

so 

Mgm 

mEq X 
10-i 

Ileum 

Colon 

IV 

50 

0 dieth)laminoethyl phenyl a- 

0 1 

0 2S2 



6 



thienvlacetate KC1 

t Q 

2 82 

2-6 

2-3 




0 liiDthj laminoctliyl phenol a- 

0 1 

0 270 



8-24 



tlnenjlgljcolate HC1 

1 0 

2 70 

17-24 

5-22 i 


15-135 

19-113 

0-piperidmoethyl « methyl p- 

0 1 

0 2G7 



si 



xenylacetntc HC1 

1 0 

2 67 

2 

1-4 




0 dicthj laminoctliyl diphenyl- 

0 1 

0 287 



G-S 



acetate HC1 (trasentin) 

1 0 

2 S7 

2-4 

2-9 


sl 

0 

0 dicthjlammoethjl fluorene 9- 

0 1 

0 289 



si -10 



carboxjlale HCI (pavatrine) 

1 0 

2 S9 





tnc to 0 

Atropine sulfate 

0 1 

0 28S 



si -50 

0-75 

5S-240 


Blank Bpacos — drug not administered, 0 =* no decrease in colonic activity, si. == decrease 
in amplitude of contraction or arrest of 1 segment for 1-20 minutes, me — increase in 
amplitude 5-15 minutes 


One monkey was selected for a prolonged administration experiment. This 
animal received daily dosages starting at 1 mgm./kgm. intramuscularly, which 
w ere increased geometrically until death occurred. The following is a summary 
of effects produced in this animal. With 1, 2 and 4 mgm /kgm slight depression 
occurred in from 10 to 20 minutes after administration, which disappeared within 
one hour No appieciable mydriasis or cycloplegia was observed. 

With 8 mgm./kgm. within 20 minutes slight incoordination occui red when 
grasping for food, dee lease in normally agile lesponse to prodding. No ap- 
preciable mydriasis or cycloplegia was observed. 

\\ ith Hi mgm /kgm. within 20 minutes animal was depressed and unable to 
extend arms for grasping food. Ataxia, incomplete mydriasis and cycloplegia 
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were present. Prodding no longer caused the animal to climb about the cage. 
Recovery was complete in two hours. 

With 32 mgm./kgm. within 10 minutes animal was unable to walk, but able 
to remain erect. Complete mydriasis and cycloplegia were present. Acute 



Fin 3 Colonic activity , monKr\ 9 4 ingm /Kpm morphine sulfate s q Till e, I minute 
Effort of subcutaneous injection of spusmolj tics on rolonir actmtv of t lie inonhe\ (M'ij 
caqus rhesus) CO 1)0 minutes after spasmogenic dosage of morphine sulfate Arrow and 
interruption of base line indicate application of spasmolytic agent Disregard interrtip 
tions of base line in 4th rcrord which are not accompanied In arrows 


effects disap]>caicd within one lioui, hut slight ecnlial depiossion (lassitude) "as 
noted for one hom longer. 

With (tt mgm./kgm. within 10 minutes animal was lying on bottom of rage, 
then clonic convulsions weie initiated Con\ ulsimis continued for 30 minutes 
until death, which appealed to be due to iespiiatoi\ depiction. 
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There is some indication from this animal that the safe dose range for monkeys 
is between 1 and 32 mgm./kgm. intramuscularly. In all probability, the lethal 
subcutaneous dosage null not be lower and, if anything, will be higher. 

Comment. In evaluating agents as gastro-enteric spasmolytics, careful 
consideration should be given to any appreciable action on other autonomic 
neuro-effectors and on the central nervous system. On the basis of the data 
presented from the various species investigated, it is evident that the dog is 
markedly susceptible to what may be considered untoward actions. While 
such effects might be expected to occur in man, it is recognized clinically (12) 
that the commonly used agent, scopolamine, does not produce such action unless 
the individual is subjected to a severe painful stimulus. Since the effects which 
were observed in the monkey indicate that this species is relatively resistant to 
some of the peripheral autonomic and to the central nervous system action of 
/S-diethylaminoethyl phenyl-a-thienylglycolate HC1, it is possible that the same 
might be true in man. Preliminary observations in man given 0.04 mgm./kgm. 
orally indicate that no unusual untoward effects occur with this derivative at 
this dose level. 

Biochemorphology. Substitution of thiophene for one of the benzene 
nuclei in fi-diethylaminoethyl diphenylacetate HC1 (trasentin) does not cause 
any marked alteration in spasmolytic properties in (a) the intact rabbit colon 
or ileum made spastic with pilocarpine or (b) the dog colon rendered hyper- 
active with morphine. Introduction of an hydroxyl group in the acetic acid 
portion of the /3-diethylaminoethyl phenyl-a-thienylacetate markedly increases 
spasmolytic activity in these two species. This is in agreement with the findings 
of Lands and Nash (9) on the isolated rabbit colon and intact rabbit jejunum. 
Substitution of an a-thienylglycolate group for phenylacetate in trasentin has 
increased the anti-morphine action of this agent on the dog and monkey colon, 
in vivo. 


SUMMARY 

P-dkthylaminoclhyl phenyl-a-thienylglycolate HCl, in comparison with other 
related compounds 8 ' a 

(1) Effectively opposes the spasmogenic action of: 

A. Pilocarpine on the intact colon and ileum of the anesthetized rabbit. 

B. Morphine on the intact colon of the monkey and dog. 

(2) Produces marked cardiac acceleration in the morphine treated and un- 
treated dog; in the monkey cardiac acceleration is not very marked and is 
less than after the administration of the dose of atropine sulfate calcu- 
lated on a weight basis. 

(3) Produces signs of central nervous system activity resembling delirium in 
the dog but not in the monkey or rabbit when employed in spasmolytic 
dosage. 

AchwirMgmcnl. Grateful acknowledgment is made to Dr. Albert Raymond of G. D. 
, f nr a < ;c " erm, ' i supply of pavatrinc and to Dr. M. I,. Moore "and co-workers 
of lrcdoriek >- teams A Co. for the new agents utilized in this study. 



212 


BENEDICT E. ABREU AND ELIZABETH TROESCHER-ELAM 


REFERENCES 

1. Tainter, M. L. : Quart. J. Pharm. and Pharmacol., 3: 5S4, 1930. 

2. Alles, G. A., and Feigen, G. A.: This Journal, 72: 265, 1941. 

3. Blicke, F. F., and Zienty, M. F.: J. Am. Chem. Soc., 63: 2945, 1941. 

4. Blicke, F. F., and Burkhalter, J. H.: J. Am. Chem. Soc., 64:477, 1942. 

5. Warren, M. R-, Marsh, D. G., Thompson, C. R., Shelton, R. S. and Becker, T. J. 

This Journal, 79: 187, 1943. 

6. Blicke, F. F., and Tsao, M. U.: J. Am. Chem. Soc., 66: 1645, 1944. 

7. Blicke, F. F., and Grier, N.: J. Am. Chem. Soc., 66: 1725, 1943. 

8. Lewis, J. R., Lands, A. M. and Geiter, C. W.: Fred. Proc., 2: 86, 1943. 

9. Lands, A. M., and Nash, V. L.: Proc. Soc. Exper. Biol. & Med., 57: 55, 1944. 

10. Atkinson, A. J., Adler, H. F., and Ivy, A. C.: J. A. M. A., 121: 646, 1943. 

11. Personal observations. 

12. Hathaway, H. II. : Personal communication. 



STUDIES ON THE PHARMACOLOGY OF DDT (2,2 BIS-(PARACHLOR- 
PHENYL)-! ,1,1 TRICHLOROETHANE) 

I. The Acute Toxicity of DDT Followtng Intravenous Injection in 
Mammals with Observations on the Treatment of Acute 
DDT Poisoning 

FREDERICK S. PHILIPS, 1 and ALFRED GILMAN 1 

From the Section of Pharmacology , Medical Research Labor atory, Medical Du ision, CHS, 

Edgeuood Arsenal, Md 

Receir ed for publication September 13, 1945 

Knowledge of the toxicity and actions of DDT in mammalian species is 
essential to define the incidental hazards associated with widespread dissemina- 
tion of this unique insecticide. Moreover, a knowledge of the pharmacological 
actions of DDT in species other than insects may contribute to an understanding 
of the fundamental mechanism of action of the agent as an insecticide. Finally, 
isolated cases of DDT poisoning are bound to occur and it is essential that an 
effective method of treatment be made available. 

Studies on the acute and chronic toxicity of DDT have already' been reported 
(1, 2, 3, 4, 5). The fact that DDT is insoluble in water and other vehicles 
suitable for intravenous administration has limited these investigations largely to 
observations on the effects of absorption from the gastro-intestinal tract, respira- 
tory tract, and skin. Although these routes are ideally suited for chronic 
studies, acute responses vaiy greatly between species and have also proved 
inconsistent in a given species. This particulaily applies following oral adminis- 
tration, the only route available for the study of acute toxicity in most species. 
Not only has the enforced use of the gastro-intestinal route of administration 
obscured the absolute toxicity of DDT but it has also lendeted difficult studies 
on routes of excietion, and tieatment of acute poisoning. 

Because of the above facts a preparation of DDT suitable for intravenous 
administration was sought. A solution of DDT in peanut oil can be emulsified 
in isotonic saline containing 1 per cent lecithin. Such an emulsion appears 
to possess no pharmacological pioperties other than those that can be attiibuted 
to the DDT. Intravenous injections of the emulsion have yielded information 
on the absolute toxicity of DDT, the time of onset of action of DDT, the possible 
role of intermediaries of DDT m the manifestation of toxic action and the dura- 
tion of action of DDT. Moieovei, they' have also provided a more precise 
technic for the determination of the efficacy of antidotal piocedures in those 
species wliich respond capriciously to the oral route of administration. 

l’noct nim .1 Preparation of emulsion The DDT-cmuIsion is most com cmcn.tly 
prep ucd from two stock solutions a 10 per cent solution of DDT 5 in penult oil; a solution 

1 1st Lt , SnC.ALS 

1 Mnjor, SnC, AUS 

5 \ punned preparation of DDT, M.P. 10S O-IOD.S'C, was mod in all eniuPions 
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solution)!" ^Thetwo solutions “ en . t , NaCI (1 <> S ram of lecithin to 90 ml. of saline 
solution of DDT and 9 parts bv proportion of one part by volume of the oily 

emulsified. The final solutions th> Um6 f ° f - the )ecltbln solution, shaken thoroughly, and 
conveniently accomplished tlhe use ZZ T*' ° f CDT per mb Emulsification is 
passages through the homogenize r result in TsX Hr 0perat '^ holno K enlzer ' Six successive 
droplets which are for the most part less thZ '' °f nulky appearance containing oil- 
droplets as large as °0 to 0t i mi ■ two red-cell diameters in size. Relatively few 

in the oil-ph as f 0 f V* preSen V The DDT dissolved 

if allowed to stand sions should be used immediately or re-homogenized 

mula(la) exhibit" no immedilt e^u n "owlrll ?° ES ’ ratS ' rabbifs and monkeys (Macaca 
freshly prepared emulsions regardless of the^atp°^ Z ,ntr ? veaous administration of 
ever, rapid intravenous inico;™ „ ate of ejection. In the case of the cat, how- 

immediate death. This can be tvnZft stas ‘ s m tbe Pulmonary circulation resulting in 
2 to 3 ml. per minute. 5 J 'reducing the rate of injection to approximately 

venous toxicityctf DDT h!f }f toxicity. Studies of the acute, intra- 

Although they respond in ^h^* 1 made m rats ’ rabbits > cats z dogs and monkeys. 

of DDT. DataonTho "r md * orm manner to acutely lethal, oral doses 
oh as observed in this 1 h* 0Xlclty of a 10 P er cent solution of DDT in peanut 
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and ultimate central de p r ^ C “ 5 a “ d ^ , hoMs ’ deatb ^suiting from exhaustion 
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One animal may be relatively unaffected by a dose of 500 mgm./kgm. while 
another may succumb to one-half this amount despite all attempts to keep 
conditions as constant as possible. In table 1 are presented scattered data on 
the oral toxicity of DDT in cats. Symptoms appear only after a delay of one to 
several hours, depending on dosage, and are greatly prolonged. They resemble 
those to be described for the intravenous route of administration. 

The marked individual variation in susceptibility to DDT is not apparent 
following intravenous ad minis tration. The toxicity data are presented in table 
2. Immediately following the intravenous administration of 50 to 60 mgm./kgm. 
of DDT, cats appear normal provided the emulsion was injected slowly. How- 
ever, within 5 to 10 minutes they become restless and apprehensive and show 
the earliest signs of intoxication, namely, blepharospasm and twitching of the 
ears and vibrissae. Following this, tremor of the facial muscles may be dis- 

TABLE 1 


Toxicity of DDT following oral administration 


SPECIES 

DOSAGE 

MORTALITY 


mim./kgm. 


Rat 

200 

6/10 


250 

22/25 


300 

99/110 


400 

10/10 


500 

10/10 

Cat 

200 

0/3 


250 

1/4 


300 

1/3 


400 

2/3 


450 

0/1 


500 

5/8 



000 

1/2 


cemcd. The tremor spreads over the entire body in the same manner as de- 
scribed for rats. Within 20 to 30 minutes the tremors are general and severe, 
and purposeful movements are difficult. At this time the animals exhibit 
frequent tonic extensor thrusts of all four legs of very brief duration. They 
evidence excitement and the pupils are widely dilated. The first true convulsive 
episode usually occurs 30 to 40 minutes after injection. It is usually initiated 
> sudden opisthotonus with the animals falling on their sides. This is im- 
mediately followed by severe clonic and tonic movements of the extremities and 
marked pilo-motor activity. The initial convulsions are of brief duration and 
are followed by periods during which only the tremor is evident. During this 
'me the animals recover sufficiently to regain an upright position. On attempt- 
mg to walk they show a marked dysmetria and enhancement of the tremor. 

lc ' become greatly agitated by noxious stimuli and appear unable to 
respond in a purposeful manner or localize the sites of such stimuli. As intoxica- 
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tion advances, the periods between seizures become progressively shorter. In 
the final stages convulsive activity is almost continuous although weakened in 
intensity. Eventually the animals become severely depressed and respiratory 
failure occurs within 2 to 5 hours after injection. The occasional animals which 
recover from these large doses of DDT are free of symptoms within 18 hours. 

Approximately 20 per cent of cats receiving 60 to 75 mgm./kgm. of DDT, in- 
travenously, succumb suddenly, usually during the first but possibly during a 

TABLE 2 


Toxicity of DDT following intravenous administration 


SPECIES 

DOSAGE 

MOSTAUTV 


mgm./kgm. 


Rat 

30 

1/10 


40 

4/20 


50 

31/33 


60 

12/14 

Rabbit 

25 

0/5 


35 

0/4 


50 

4/4 


75 

S/8 

Cat 

25 

0/4 


40 

4/4 


50 

12/16 


60 

13/17 


75 

3/3 

Dog 

25 

0/3 


50 

0/4 


60 

0/2 


75 

7/7 

Monkey 

40 

0/1 


50 

1/2 


00 

1/2 


75 

o/2 



— - — — 


subsequent convulsive episode. Death in these instances is due to ventricular 
fibrillation. 

Rabbits. The data on the toxicity of DDT administered intravenously to 
rabbits, are presented in table 2. Tliis species exhibits the same order of sus- 
ceptibility as do rats and cats. The symptoms resemble those'seen in cats with 
the exception that depression occurs earlier. A small percentage of rabbits 
also dies of ventricular fibrillation. 

Dogs. Dogs are unpredictable in their response to the oral administration oi 
DDT, some animals surviving single doses as high as 500 mgm./kgm. Their 
susceptibility to DDT administered intravenously is somewhat less than that of 
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the species already discussed, but is in the same general range. Limited data 
are presented in table 2. Following the intravenous administration of 75 mgm./ 
kgm. of DDT (LD100) the sequence of events resembles that described for cats. 
However, 5 out of 7 animals succumbed to ventricular fibrillation during the 
first convulsive episode, which usually occurred within 30 minutes after injection. 
The tw'o dogs which proved resistant to ventricular fibrillation exhibited a 
prolonged period of intermittent convulsive activity. The earlier convulsive 
episodes were characterized by an initial tonic phase followed by clonic activity. 
Clonic activity terminated abruptly. Between convulsive episodes, tremor and 
occasional extensor thrusts were evident. In both dogs emesis occurred following 
the first convulsion. Convulsive episodes occurred with increasing frequency 
until the animals exhibited almost continuous activity. This was characterized 
by frequent bursts of clonic running movements and punctuated occasionally 
by tonic extension and flexion of the fore and hind legs. Within 4 hours the 
animals were depressed, death ultimately resulting from exhaustion and depres- 
sion. Although doses of 50 and 60 mgm./kgm. were not fatal, they caused severe 
convulsions. 

Monkeys. Limited data on the intravenous toxicity of DDT in monkeys 
are presented in table 2. Following the intravenous administration of 75 
mgm./kgm. there is an asymptomatic period of approximately 5 minutes follow- 
ing which a mild fibrillary tremor in the head region becomes apparent. This 
tremor progressively descends to involve the forelegs, trunk, and hind legs. 
Within 15 minutes the animals exhibit a gross static tremor which is accentuated 
by purposeful movement. Blepharospasm is marked. The first convulsion 
usually occurs within 20 minutes. It is manifest by a tonic phase characterized 
by flexion and opisthotonus and followed by simultaneous, repeated extensor 
thrusts of all limbs. The episode terminates abruptly, leaving the animal 
depressed and almost free of tremor. The monkey rapidly recovers from early 
convulsive seizures, recovery bringing on a return of the tremor. Convulsions 
recur with almost clock-like regularity for a period of several hours, following 
which the interval between convulsions shortens until the animal shows almost 
continuous clonic activity. Eventually depression occurs and death results 
from respiratory failure. Animals receiving sub-lethal doses of DDT are symp- 
tom-free after IS hours despite the occurrence of severe convulsions. Ventricular 
fibrillation is a common occurrence in monkeys receiving high intravenous doses 
of DDT. However, in this species spontaneous reversion to an organized beat 
usually occurs. 

B. Treatment of acute poisoning. Possible therapeutic agents for the control 
of neurological manifestations of DDT intoxication were investigated in acutely 
poisoned rats, cats dogs and monkeys. The drugs chosen have in common 
sedative, depressant, or anticonvulsant properties. In evaluating their thera- 
peutic action attention was directed not only to the prevention of mortality in 
animals which received lethal doses of DDT but also to the extent to which 
the agent under study ameliorated such signs of intoxication as gross tremor and 
convulsions. 
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The results obtained are presented in tables 3 and 4. Of the various agents 
employed, phenobarbital was by far the most outstanding. Not only was it 
effective in preventing the death of animals but also tremor and convulsions were 
controlled with doses that were well below the anesthetic level. Symptoms 
were more readily controlled in dogs and cats than in monkeys. In the last- 
mentioned species close to full anesthetic doses were required before tremors 
completely disappeared. 

The effects of the other agents may be summarized briefly. Magnesium 
sulfate effectively prevented tremors and convulsions for a brief period but its 
action was too evanescent to reduce mortality. Sodium bromide, in mew of the 
large doses employed, the high mortality of treated animals and the absence of 
symptomatic relief, must be considered an ineffective agent. Urethane reduced 
mortality but symptoms w'ere only alleviated with full anesthetic doses. like- 
wise, sodium barbital and sodium pentobarbital controlled the symptoms only 
when given in full anesthetic doses. Such doses did not effect a dramatic reduc- 
tion in mortality. Dilantin when administered prophylactically reduced the 
lethality of DDT in rats despite the fact that there was not a significant ameliora- 
tion in the symptomatology of the animals. The agent proved to be ineffective 
in cats, however. 

Discussion. Following the intravenous administration of DDT the symp- 
toms observed in the various species studied closely resemble those which result 
from oral administration. However, three significant differences are worthy of 
comment: the lethal dose by the intravenous route is approximately only one- 
tenth that by the oral route; the onset of symptoms is only 7 delayed for five 
minutes; the duration of symptoms is significantly 7 shortened. 

The marked difference between the oral and intravenous lethal dose of DDT 
can best be attributed to slow and incomplete absorption from the intestinal 
tract. Another possible explanation for the relatively 7 low oral toxicity 7 might be 
a rapid detoxification when absorption occurs through the portal circulation. 
However, studies on the chronic toxicity of DDT (1, 2, 3, 4) which have indicated 
that small daily oral doses cause a cumulative effect do not support the concept 
that rapid detoxification occurs. Similarly, the fact that symptoms following 
the oral administration of DDT are much more prolonged than when the agent is 
administered intravenously also may be explained by a relatively long period 
of absorption. 

The delay of onset of the symptoms of DDT intoxication following its oral 
administration has been the subject of speculation. So prolonged is the latent 
period that the possibility of a product of the intermediary 7 metabolism of DDT 
being the cause of toxic symptoms has been entertained. Following the intra- 
venous administration of DDT the latent period between administration and 
onset of action is so reduced as to discount, to a large degree, the possibility 7 of a 
toxic intermediary 7 necessarily 7 being the cause of the symptoms of poisoning. 
In order to test this point further, a series of experiments was performed on 
eviscere ted cats. Under light ether anesthesia, the gastro-intestinal tract from 
the esophagus to the rectum, and the spleen were removed. Hepatic function 
was eliminated by ligation of the hepatic artery 7 and portal vein. Following the 
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TABLE 3 


Treatment of rats following acute oral intoxication with DDT * 


TREATMENT 

MORTALITY 

Therapeutic Agent 

Total Dose 

Time of Treatment 


mgm.Jkgm. 

hours 


None 

• 


99/110 

MgS0,-7H,0 

600 

3-5.5 

9/10 


1200 

2-6 

10/10 

NaBr 

1000 

2.5 

6/10 

Urethane (ethyl carbamate) 

500 

3-5 

5/10 

Barbital Na 

200 

3 

• 8/10 


250 

3 

6/8 


300 

3 

10/10 

Phrnobarbital Na 

50 

3 

7/10 


150 

3-5 

4/10 


150 

3 

1/10 


* 300 mgm./kgm. 


TABLE 4 


Treatment of acute intravenous DDT poisoning in various species 


SPECIES 

DDT 

DOSACE 

TREATMENT 

MOR- 

TALITY 

Therapeutic 

Agent 

Time of _ 
Administration 

Route of 
Administration 

Total 

Dosage 


mtm./ktm. 


hours 




Rat 

GO 

Dilantin, 

-5 

oral 

1000 

0/5 



sodium 

-5 

oral 

500 

0/5 




-4.5 

oral 

250 

1/5 




-4 

oral 

100 

1/5 

Cat 

60 

Dilantin, 

-4 

oral 

250 

4/5 



[ sodium 





i 

60 

Urethane 

+§ to 

intraperi- 

500 

2/3 



(ethyl 


toneal 

750 

0/4 



carbamate) 






50 

Pentobarbital 

+ $ to +4$ 

intraperi- 

65 

G/9 



sodium 

| 

toneal 




50 to 60 

Phenobarbital 

+ i 

intraperi- 

50 

0/11 



sodium 


toneal 

75 

2/12 

Dog 

75 

Phenobarbital 

+ } 

intraperi- 

40 to 50 

0/6 



sodium 


toneal 

i 


Monkey 

75 

Phenobarbital 

+i 

intraperi- 

p.r.n. 

I/G 



sodium 


toneal 
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operation the animals received an intraperitoneal injection of 50 ml./kg. of a 
solution of 5,5 per cent glucose and 0.9 per cent NaCl. One to two hours later 
when the animals were ambulatory and completely recovered from the effects 
of the anesthetic they received, by intravenous injection, 50 mg./kg. of DDT 
in the form of emulsion, the dose being based on the post-operative weight. 
Within 5 to 10 minutes the typical course of fatal intoxication began. The 
animals were dead within 90 to 105 minutes- Eviscerated controls receiving an 
emulsion of oil and NaCl-lecitliin solution containing no DDT remained un- 
affected. Thus, in eviscerated and functionally hepatectomized animals in the 
absence of organs primarily concerned with the metabolic transformation of 
foreign substances, the time of onset and subsequent course of DDT intoxication 
is not altered. The possibility that such a transformation may occur in the 
nervous system still remains. 

It is evident from the observations on various species that anticonvulsants 
and central depressants exert a physiological antagonism to the heightened 
central activity produced by DDT. Not all central depressants are equally 
effective. Of the limited number studied, phenobarbital appears to be out- 
standing in that tremor and convulsions are more completely controlled with 
doses producing a minimal degree of depression. 

The specific antagonistic action of phenobarbital is in keeping with the finding 
that studies on the localization of the central action of DDT indicate that the 
motor cortex is prominantly involved (6). The specific depressant action of 
phenobarbital on the motor cortex in distinction to other barbiturates has been 
pointed out by Keller and Fulton (7). 

Chronic DDT poisoning is characterized by degenerative changes in the liver 
and other organs (8, 9) and a tendency for the neurological symptoms to become 
persistent, even after DDT is withdrawn. In such animals degenerative lesions 
of the central nervous system can be demonstrated (10). It is of interest to 
note, therefore, that on the basis of casual observation of general behavior, appe - 
tite, etc., none of the above animals showed any residual effects from a single 
large dose of DDT. Apparently the toxic effects of DDT on cells which are 
known to be susceptible to injury by chlorinated hydrocarbons are negligible 
when compared with the acute actions of this insecticide on the central nervous 
system. 


SUMMARY AND CONCLUSIONS 

The preparation of an emulsion in which saline is the continuous phase, a 
solution of DDT in peanut oil the dispersed phase, and lecithin the emulsifying 
agent is described. The emulsion without DDT possesses no significant pharma- 
cological action. 

The toxicity of DDT administered intravenously in the form of emulsion is of 
the same order for rats, rabbits, cats, dogs and monkeys. The intravenous 
lethal dose is approximately one-tenth the oral lethal dose. 

Following the intravenous administration of DDT, symptoms of intoxication 
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are evident within 5 to 10 minutes. This is in contrast to the latent period of 
several hours which follows oral administration. 

The symptoms of acute DDT intoxication in mammals consist predominantly 
of muscle tremors and tonic and clonic convulsions. These symptoms are 
probably caused by DDT itself rather than a metabolic transformation product. 

Acute DDT intoxication can cause death by two mechanisms, namely, central 
excitation followed by depression and respiratory failure, and ventricular fibrilla- 
tion. Rats, and the majority of rabbits, cats and monkeys die of the central 
effects. The majority of dogs succumb to ventricular fibrillation. 

The effectiveness of a series of central nervous system depressants in the control 
of acute DDT intoxication in rats, cats, dogs and monkeys has been studied. 
Of the various agents evaluated, phenobarbital is outstanding in that it controls 
the characteristic tremor and convulsions produced by DDT in doses that cause a 
minimal degree of general central depression. 
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During the course of investigation on the symptoms of acute poisoning ■which 
follow the intravenous administration of emulsions of DDT (1), it becameappar- 
ent that a small percentage of rabbits and cats and the majority of dogs died 
atypically early in the course of poisoning. In the case of dogs, death occurred 
precipitously during the first convulsive episode. Inasmuch as the severity of 
the convulsion was insufficient to account for death, experiments to elucidate the 
underlying mechanism were initiated. It is known that hydrocarbons and 
halogenated hydrocarbons are capable of sensitizing the myocardium in such a 
manner that small amounts of epinephrine or sympathin can produce ventricular 
fibrillation (2). What is more, sympathetic discharge as evidenced by extreme 
mydriasis and marked pilo-motor activity is a prominent feature of a DDT- 
induced convulsion (I). Attention was therefore directed to the possibility that 
sudden death following the administration of DDT was due to ventricular 
fibrillation of a heart sensitized by a chlorinated hydrocarbon and subjected 
to excessive sympathetic activity. 

Experimental procedure and results. Dogs and monkeys (Macaco 
mulatto) were employed as experimental subjects. Two types of experiments 
were performed. In the first type the vulnerability of the DDT-sensitized 
heart to epinephrine was determined. In the other, the effect of intrinsically 
produced sympathin on the sensitized myocardium was demonstrated. 

For the first type of experiment only dogs were employed. Animals weighing 
approximately 15 kgm. were anesthetized by the intraperitoneal injection of 
100 to 125 mgm./kgm. of sodium plienobarbital. They then received, by intra- 
venous injection, 75 to 100 mgm./kgm. of DDT in the form of a 1 per 
cent emulsion (1). At intervals thereafter they Mere challenged by the intra- 
venous injection of varying amounts of epinephrine. As controls, animals 
receiving comparable volumes of oil-saline emulsion containing no DD1 were 
challenged with varying doses of epinephrine. The cardiac response was followed 
either by auscultation or the ECG. The results may be summarized as follows: 
Fibrillation was induced in 2 of 3 dogs which had received 75 mgm./kgm. of 
DDT intravenously and in 0 of 8 dogs which had received 100 mgm./kgm. of 

1 1st lit., SnC, AUS. 

5 Major, SnC, AUS. 
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DDT intravenously. Five of the animals succumbed to a challenge dose of 0.01 
mgm./kgm. of epinephrine and 1 each to 0.015, 0.02, and 0.01 mgm./kgm. 
respectively. The challenge dose of epinephrine was injected at varying times 
ranging from 10 to GO minutes after the administration of DDT. Of 5 dogs 
receiving the control emulsion and challenged with 0.04, 0.05, 0.05, 0.1, and 0.1 
mgm./kgm. epinephrine, respectively, all survived and showed no electrocardio- 
graphic abnormalities other than those which could be expected from those doses 
of epinephrine. 

Four of the animals included in the above data were tested under rigidly 
controlled conditions deserving of more detailed description. Dogs of similar 
weight were paired and anesthetized simultaneously with the same dose of 
phenobarbital. Cannulae were inserted into the femoral veins and attached 
by rubber tubing to injection burettes. Electrocardiograms Heads 1 and 3) 
were recorded simultaneously for both animals by means of a 4-channel Grass 
amplifier and ink recorder. Before receiving emulsion both animals were 
simultaneously tested for their response to the same challenge dose of epinephrine 
(0.01 mgm./kgm.). The electrocardiographic response is shown in Figure 1. 
Following this, emulsions were administered simultaneously by burette at the 
rate of 0.5 ml./second. One member of the pair received 10 ml./kgm. of an 
emulsion containing 1 per cent DDT (100 mgm./kgm.) while the control animal 
received an equivalent amount of emulsion containing no DDT. As can be 
seen (fig. 1) the intravenous injection of DDT is not without effect on the ECG. 
During the course of injection characteristic changes in the T-wave occur which 
usually consist of an inversion of the T-wave in all leads. The rate may also be 
increased, but in an anesthetized animal ectopic beats are seldom observed. 
These changes persist over a period of hours. Seven minutes after the comple- 
tion of the injection of emulsion, both animals were challenged with 0.01 mgm./ 
kgm. of epinephrine. The response of the control animal is no more ominous 
than that exhibited to the same dose of epinephrine before receiving emulsion. 
On the other hand, the animal which had received DDT fibrillated promptly. 
Ten minutes later the control animal received live times the dose of epinephrine 
that had caused ventricular fibrillation in the animal which had received DDT. 
This dose of epinephrine caused ventricular tachycardia for a period of 30 sec- 
onds, following which a normal sinus rhythm was resumed. As further proof 
of the sensitizing action of DDT, the control was then injected with 10 ml./kgm. 
of DDT-emulsion (100 mgm./kgm.) intravenously. Again the characteristic 
changes in the T-wave were observed. Nine minutes after the completion of the 
Dl) 1 injection, ventricular fibrillation resulted from the intravenous administra- 
tion of 0.01 mgm./kgm. of epinephrine. In a similar experiment in which paired 
animals received 7.5 mgm./kgm. of control emulsion and DDT emulsion, re- 
spectively, ventricular fibrillation was produced in the experimental animal with 
a challenge dose of 0.015 mgm. /kg. of epinephrine while the control animal 
showed a typical response to both 0.015 and 0.05 mgm./kgm. of epinephrine, 
hollowing this, the control animal received 75 mgm./kgm. of DDT emulsion 
intra\enousl.\ , and 20 minutes later fibrillated in response to a challenge dose of 
0.01 mgm./kgm. of epinephrine. 
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*!“ demonstrat j on th;,t the mtiavenous injection of DDT sensitizes 
nrjocatdtum to epinephrine it still remained to be shown that events associ- 
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ated with a DDT-induoed convulsion could produce fatal cardiac arhythmias. 
For this puipo-e experiments were perfotmod in dogs and monkeys in winch 
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simultaneous recordings were made of the EEG and ECG following the adminis- 
tration of DDT. The technic, which was the same in both species, was as 
follows ' under procaine anesthesia a tracheal cannula was inserted and the 
animal immobilized by the slow intravenous injection of a paralyzant dose of 
curare (4.0 mgm./kgm. Intocostrin), respiration being maintained artificially. 
Following this, under local anesthesia to prevent sensor}' disturbances, the calvar- 
ium was exposed. The EEG was recorded by means of a Grass amplifier and 
ink recorder. The electrodes employed were small brass screws inserted into the 
calvarium to a depth which caused no injury to the dura. The indifferent 
electrode was placed on the ear. Simultaneously the ECG was recorded. 

A total of 8 experiments was performed in this manner, 6 on dogs and 2 on 
monkeys. The dogs received either 75 or 100 mgm./kgm. of DDT intravenously 
in the form of emulsion; the monkeys received 75 mgm./kgm. Three of the dogs 
died of ventricular fibrillation within 10 minutes after the administration of DDT 
and before a typical convulsive episode appeared in the EEG. This must be 
attributed to emotional disturbances resulting from the experimental procedure 
inasmuch as no dog under general anesthesia has shown severe arrhythmias in 
response to the doses of DDT employed above. In another dog the administra- 
tion of DDT resulted in frequent premature systoles, but not until after the onset 
of the electrical manifestations of convulsive activity did ventricular fibrillation 
occur (fig. 2, A, B, C). In still another dog the administration of DDT was 
without significant effect on the ECG until the onset of convulsive activity, as 
evidenced by the EEG. At this time the first premature systole initiated ventri- 
cular fibrillation, (fig. 2, D, E). In the final dog ventricular fibrillation did not 
occur. This dog exhibited repeated convulsive episodes in the EEG, during 
which changes in the T waves were the only cardiac reflection of the enhanced 
central activity. 

Of the 2 monkeys studied, one showed a normal sinus rhythm between con- 
vulsive episodes and a severe cardiac arhythmia during convulsive episodes. 
The other monkey was unique in that in this animal a spontaneous return to an 
atgawvzftd heat followed ventricular dhrillation. It was, thus possible to follow 
it through a series of convulsive episodes. During each convulsion, short periods 
of ventricular fibrillation occurred. Between convulsive episodes a normal 
sinus rhythm prevailed. This continued for l j hours, after which convulsions 
failed to elicit fibrillation but were accompanied by numerous ectopic beats. 
The course of this monkey is shown in figure 3. 

Discussion. From the above experiments it may be concluded that DDT 
shares with other hydrocarbons and chlorinated hydrocarbons the propensity for 
sensitizing the myocardium to extrinsic epinephrine or intrinsic sympathin. Al- 
though little is known of the distribution of DDT in the body following intra- 
venous administration, it lias been shown that by the use of this route of ad- 
ministration typical symptoms of DDT poisoning begin within 5 to 10 minutes 
and are fully developed within 30 minutes (1). 

In the above ex|«riments myocardial sensitization was demonstrable during 
this time and for several hours thereafter. Assuming an equal distribution of 
DDT throughout extracellular fluid, a dose of 75 mgm./kgm. would result in a 
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concentration of approximately 30 mg. per cent. If distribution throughout the 
total body water is assumed the concentration in body fluids would be 10 mg. 
per cent. On this basis, DDT proves to be highly active in sensitizing the myo- 
cardium when it is considered that the anesthetic concentration of chloroform in 
blood is approximately 30 mg. per cent and that of cyclopropane presumably 
much higher. 

It should be emphasized that the animals in the above experiments were 
completely paralyzed by curare. Thus, no motor manifestations of the con- 
vulsant activity of DDT were evident. This precludes the possibility that myo- 
cardial anoxia, which might result from the high oxygen demands accompanying 
a convulsion in a non-curarized animal, could contribute to the onset of fibrilla- 
tion. Despite the fact that ventricular fibrillation occurred prematurely in some 
animals and failed to develop in others, the correlation between the electrical 
activity of the brain and cardiac arhythmias justifies the conclusion that there 
is a causal relationship between the two. In the unanesthetized animal a DDT- 
induced convulsion is accompanied by obvious manifestations of sympathetc 
discharge, i.e., pilo-erection and mydriasis. It is conceivable that this activity 
results from discharge of the adrenal medulla consequent to the emotional dis- 
turbances accompanying the convulsion. However, a more likely explanation is 
that the autonomic centers of the hypothalamus share in the central stimulatory 
actions of DDT. Thus, DDT is unique among those compounds sensitizing the 
myocardium in that it not only sets the stage for ventricular fibrillation, but 
also, as a result of its central action provides the stimulus necessary' for the ulti- 
mate onset of fibrillation. 


SUMMARY AND CONCLUSIONS 

The mechanism whereby DDT causes sudden death by ventricular fibrillation 
has been investigated. The intravenous injection of 75 to 100 mgm./kgm. of 
DDT in dogs sensitizes the myocardium so that the intravenous injection of 

0. 01. mg./kg. of epinephrine results in ventricular fibrillation. Control animals 
show no evidence of sensitization. In curarized dogs and monkeys convulsive 
seizures, as evidenced by increased electrical activity' of the brain, are accomp- 
anied by cardiac arhythmias or ventricular fibrillation. It is concluded that 
DDT both sensitizes the myocardium and causes sympathetic discharge. The 
latter may' be reflex, but more probably' is the result of direct hypothalamic 
stimulation. It is this dual action which is responsible for the onset of ventricular 
fibrillation. 
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The name Benadryl has been given to jS-dimethylaminoethyl benzhydryl ether 
hydrochloride, one of several homologous ethers capable of alleviating broncho- 
constriction induced in guinea pigs by administration of histamine (1) or by its 
release in anaphylaxis (2). Experiments herein reported were conducted to 
determine whether Benadryl antagonizes diverse actions of histamine on several 
tissues, viz., stimulation of secretory cells, relaxation of vascular smooth muscle, 
and contraction of intestinal smooth muscle. Furthermore, it was deemed 
important to determine whether Benadryl antagonizes histamine in a specific 
manner or whether the effects of other depressor and/or spasmogenic agents such 
as acetylcholine and barium are altered. Finally, there was the prospect that 
the data would give some indication regarding the nature or mode of anti-his- 
tamine action. 

Experimental. Results. A. Prevention of induced intestinal spasm. Segments of 
guinea pig ileum were suspended in 100 cc. of aerated Tyrode’s solution maintained at a 
temperature of 38”C. Spasm was induced by histamine diphosphate, 1:12,500,000; barium 
chloride, 1:10,000; or acetylcholine bromide, 1:50,000,000. With a given spasmogenic 
agent, several contractions of approximately equal magnitude were elicited. Benadryl, or 
one of several antispasmodics, was then added to the muscle bath and retained therein for 
one minute before re-introduction of the standard amount of spasmogenic agent, the con- 
tracting effect of which was partially inhibited or annuled. The muscle segment was 
washed as each contraction became maximal. Following the addition of test drugs, full 
recovery of muscle sensitivity was always demonstrated before proceeding with the tests. 
Several compounds, both test drugs and one or two reference antispasmodics, were alter- 
nated with each other in each experiment with a given muscle. Various dilutions of each 
were employed to inhibit spasm by unequal degrees, to match inhibitory effects of two or 
more drugs and to gradually approach dilutions which would diminish spasm by 75 to 100 
percent. The range of dilutions recorded in table 1 indicate the quantities of the respective 
drugs which were required to antagonize histamine, barium and acetylcholine. Frequent 
determination of absolute values for effective dilutions, and numerous comparisons of 
relative potencies in individual experiments on the same muscle, constitute reasonable 
assurance that the comparison of drug potency is reliable. It should be pointed out, 
however, that the duration of drug action (one minute) was arbitrarily chosen and might 
not permit an expression of true potency for drugs which act slowly. 

Results presented in table 1 indicate interesting differences between various 
antispasmodics. Papaverine is of low potency but practically of equal eficctive- 

1 Present Address: Department of Pharmacology, University of Illinois College of 
Medicine, 1S53 West Polk Street, Chicago 12, Illinois. 

229 



230 


e. r. i.oew, n. Macmillan and m. e. kaiser 


ness against histamine, barium and acetylcholine. Dilutions of papaverine 
which inhibited the spasmogenic action of histamine are essentially the same as 
those reported by Staub (3). Pava trine and Trasentin proved to be about 
equally effective in antagonizing histamine and are ten to twelve times more 
potent than papaverine. Both Trasentin and Pavatrine were markedly su- 
perior to papaverine in regard to antagonism of barium and acetylcholine; also, 
Pavatrine proved to be four or five times more potent that Trasentin in this 
respect. Atropine exerted moderate anti-histamine action, very weak antago- 
nism of barium, and pronounced antagonism of acetylcholine. 

Of these antispasmodic drugs, only papaverine and atropine were found to 
be effective in reducing the severity of bronchoconstriction induced by admin- 
istration of histamine to guinea pigs (1, 4). The activity indexes previously 
reported (1, 4) and the activity index for a quaternary ammonium derivative of 

TABLE 1 


Maximum dtlutions* of anlispasmodics which inhibit the spasmogenic effects of histamine, 
barium and acetylcholine, on isolated guinea pig ileum 


DRUG 

HISTAMINE 

BAiomr 

ACETYLCHOLINE 

antiasth- 

matic 

INDEX (CT. 
SET. 1) 

Papaverine HCl 

1: 66.000- 100,000 

1: 33,000- 60,000 

1: SO, 000- 66 ,000 

2 

Trasentin HCl . 

1- 633,000- 1,250,000 

1 125,000- 250.000 

1: <,000,000- 6.670,000 

0 

Pavatrine HCl 

1: 833,000- 1,000,000 

1:667,000-1,000,000 

1: 25,000,000- 50,000,000 

0 

Atropine SO« 

1. 500,000- 667,000 

| 1: 5,000- 10,000 

1 ■ 100. D00, 000- 200, 000, 000 

3 

1) B-Dimethylamino- 
ethyl benzhydryl ether 
HCl (Benadryl) 

1:25,000,000-50,000,000 

1: 66,700- 125,000 

1: 2,500,000- 1,000,000 

33 

2) B-Benzhydryloxy- 
ethyl tnmethylam- 
monium iodide 

1:10,000,000-20,000,000 

1. 40,000- 50,000 

1: 8,330,000- 16,600.000 

100 

3) N-Phenyl-N-etbyl- 
>» '-dieth> 1 ethylene 
diamine HCl (1571F) 

1- 2,000,000- 3,330,000 

1* 6,670- 8,330 

1: 60,700- 100,000 

16 


• Drug dilutions within the range recorded diminished spasm by 75 to 100 per cent. 


Benadryl are included in table 1 and represent degrees of increased potency over 
aminophylline which was assigned an activity index of unity. 

The effects of several anti-histamine compounds on intestinal muscle were 
compared with the antispasmodics discussed above. Benadryl and a quaternary 
ammonium derivative, 0-benzhvdryIoxyethyl trimethylammonium iodide, were 
compared with the Fourneau histamine antagonist, 1571F (3, 5), as well as the 
antispasmodics. Benadryl was forty to fifty times more potent as an anti- 
histamine agent than Pavatrine and Trasentin, the most effective antispasmodics. 
It exerted weak antagonism against barium and moderate antagonism against 
acetylcholine, the latter being one-half to one-tenth that exhibited by Trasentin 
and Pavatrine. Since low dilutions of Benadryl antagonize barium and acetyl- 
choline, it cannot be regaided as a strictly specific histamine antagonist. How- 
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ever, its specificity against histamine approaches the specificity which atropine 
displays against acetylcholine. 

The quaternary ammonium derivative of Benadryl was approximately one- 
half as effective as Benadryl against histamine and banum, but four times more 
potent with respect to antagonism of acetylcholine action on intestinal muscle. 
Thus, atropine-hke qualities were increased at the expense of anti-histamine 
properties. Nevertheless, this quaternary ammonium compound proved to be 
definitely superior to Benadryl in reducing histamine-induced bronchocon- 
striction in guinea pigs, the former being one-hundred and the latter thirty-three 
times more potent than ammophylline (table 1). Of the two compounds, 
Benadryl possesses greater potency and more specificity against the spasmogenic 
effects of histamine on intestinal muscle. Since the comparisons xxere made on 
a Height basis it is important to consider that the molecular weight of Bena- 
dryl and the quaternary derivative are 291 82 and 397 3, respectively. 

The Fourneau histamine antagonist, 1571F, was comparatively impotent in 
antagonizing barium and acetylcholine. The anti-histamine action was definite 
but much less than that exerted by the benzhydryl ethers 1571F possesses ap- 
preciable anti-histamme specificity, a fact first reported by Staub (3) who pointed 
out that 1571F was more specific than 929F and other Fourneau histamine 
antagonists 

None of the drugs, with dilutions indicated m table 1, depressed the sensitivity 
of the intestinal muscle for long intervals How ever, low er dilutions not only 
completely eliminated spasm but the residual effects prolonged recovery so 
that several washings and applications of spasmogenic agents were necessary 
before normal contractions were again obtainable 

B Inhibition of histamine-induccd gastric secretion The ability of Benadryl 
to antagonize the effects of histamine on smooth muscle in intro and in mo 
suggested that it might also diminish the secretogogue action of histamine on 
glandular cells such as the gastric glands. 

Experiments were made on four female dogs weighing 7 to 10 hgm which were surgically 
proxidcd with vagal denerxated gastric pouches (Heidenhain) sexeral weeks before use 
Food was withdrawn 10 to IS hours before each experiment The technique and experi- 
mental conditions were ncarlj identical to those described in studies of other histamine 
antagonists (0, 7) Control data consisted of measurements of the secretory output from 
the gastric pouches for 75 minutes following histamine stimulation Two hours later, the 
animals were treated with Benadrx 1 and after txxentx minutes, stimulated with histamine 
The secretion obtained during 75 minutes was compared with control x alues The secretorj 
stimulus consisted of a subcutaneous injection of 0 5 mgm (0 5 cc 1 of histamine diphos- 
phate Benadrxl was injected subcutaneoush in a dose of 10 mgm /hgm (5 per cent 
aqueous solution) This dose represents one half to one third of the quantitj which pro 
duci s excitation and tremors Gastric juice was collected each 15 minutes and the xolume 
recorded Each simple was then titrated in tolo for free acid and the total acid, using 
Topfcr’s reagent nnd phcnolphtlmlcin, respectncK , as indicators 

Hie data (table 2) lexcal that the mean a allies foi xolume, total acid and 
free acid of gastric puce obtained m 12 experiments on -1 dog*- treated with Bena- 
drjl were 37, 11 and 13 per cent less, re=pectnel\ , than those obtained following 
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the same histamine stimulus during the control period when no Benadryl was 
administered. For some unknown reason, secretion was never significantly 
reduced in one of the four dogs, whereas it was inhibited by 40 to 80 per cent in 
8 of 9 experiments with the other three dogs. 

There was no evidence of drowsiness, asthenia, excitation, nausea (salivation), 
vomiting or diarrhea following subcutaneous administration of Benadryl in a dose 
of 10 mgm./kgm. The dogs invariably possessed good appetites when returned 
to their cages two hours following drug treatment. 

C. Vascular response to histamine. The intravenous injection of small quanti- 
ties of histamine elicits a precipitous, transient fall in blood pressure in the dog. 
This depressor response to small doses of histamine is alleged to be due to re- 
laxation of arteriolar smooth muscle and capillaries (8, 9). Small doses of acetyl- 
choline act somewhat similarly to elicit depressor responses. Since Benadryl 
inhibited the contracting effects of histamine and acetylcholine on intestinal 

TABLE 2 


Effect of benadryl on gastric secretion 





I DIFFERENCE BETWEEN SECRETION WITHOUT AND WITH DRUG TREATMENT 

no. or 

DOCS 

NO. or 

I expts. 

TREATMENT 

Volume of secretion (cc.) 

Total HC1 secreted 
(mgm.) 

Free HC1 secreted (msm ) 




Mean 

Mi — Mt I 
±P.E.* 

Percent 
change j 

Mean 

Mi - Mi 1 
± P.E.* 

Percent 
change , 

Mean 


Percent 

change 

4 

12 | 

None 

(A.M.) 

10.9 

1 

I 

m 

4S.4 



41.03 

■ 

■ 

4 

12 

Benadryl f 
(P. M.) 

m 


| -3G.7 

2S.72j 

19.CS ±4.3 

—40. G 

23.3sj 


-43.0 




IBM 








— 


• Difference between means considered as significant if greater than four times the probable error (Pearl, 1940)- 
t 10 mgm./hgm., subcutaneously, 20 min. before the histamine injection in the P.M. 


muscle it was of interest to determine whether the drug would antagonize the 
relaxing effects of histamine and acetylcholine on the vascular system. The 
pressor effect of a standard dose of epinephrine (lOy) was determined repeatedly 
to test the constancy' of vascular responses and to determine whether epinephrine 
reversal resulted following treatment with Benadryl. 

Experiments were made on mongrel dogs (S to 15 kgm.) anesthetized with phcnobarbital 
sodium administered intraperitoneally. Blood pressure was recorded manometrically 
from the carotid artery, and respiration by a tambour connected to a tracheal cannula 
provided with two flutter valves (10) so arranged as to indicate alterations in rate and 
amplitude. All injections were made into an exposed femoral vein. Figure 1 illustrates 
the major portion of a typical experiment. In each experiment the depressor response to 
approximately 10 y (range, 4 to 15 y) of histamine was recorded and then a dose of acetyl- 
choline which elicited a comparable depressor effect was selected (2 to 00 y). The standard 
dose of epinephrine was alternated with histamine and acetylcholine, the drugs being 
injected at intervals of 3 to 6 minutes. Three injections of each, i.e., epinephrine hydro- 
chloride, histamine diphosphate, and acetylcholine bromide, were made before injecting 
Benadryl and again thereafter. Mean responses (table 3) following twelve injections of 
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histamine, acetylcholine, and epinephrine were compared with the mean of a similar number 
of responses to each agent following intravenous injection with Benadryl or atropine. 
Four experiments were made with each of two doses of Benadryl, 1 0 and 3.0 mgm /kgm , 
intravenously, and a similar number of experiments were made with atropine sulfate. 
Benadryl and atropine were injected at a constant rate during one minute in order to mini- 
mize depressor effects which were know'n to follow* rapid injections of Benadryl The dose 
of atropine chosen for use was 0 03 mgm. /kgm. It represents jfo and t&v of the doses of 
Benadryl employed and was selected on the basis that Benadryl was -fo as effective as 
atropine in antagonizing the action of acetylcholine on intestinal muscle. 


TABLE 3 

Effects of benadryl and atropine on alterations in blood pressure following injections of 
epinephrine, histamine and acetylcholine 


PEPEESSOB 

DOSE 

NO. OB 

RESPONSES BEFORE 

RESPONSES AFTER [ 

Mi - Mi 

ipp 

DIFFER- 
ENCE BE- 

AND PRESSOR 

INJEC- 

TIONS 





AGENTS* 

RANGE 

Range ) 

Mejn±P.E. 

Range | 

Mean * P.E. 


TVVEFN 

MEANS 

A. Benadryl, 1.0 mgm./kgm.; 4 dogs 


y | 


mm Hz 


mm Hz 



Per cent 

Histamine di- 
phosphate . 
Acetylcholine 

7-15 

12 

-12 — 30 

-21.1 ±1 15 

—4 14 

-6 5S *0 67 : 

1 

—14 5*1 33 j 

— G8 

bromide . 
Epmephnne hy- 

3-15 

12 

-10 — 35 ; 

-21 9*142 

0 — 25 | 

-13 1 *1.46 

-S 8*2 18 

—40 

drochloride .... 

10 

12 

+32- +70 

+49.2*1 S3 

+2S-+6C i 

+4S.0 *2.73 

-1 2 *3.31 

-2 4 


B. Benadryl, 3.0 mgm./kgm.; 4 dogs 


Histamine di- 
phosphate .. 



| -10 — 30 

-16.7 ±1 16 

-2- -13 

-7.0 -Ml <H 

-9.7*1 32 

— 5S 

Acetylcholine 

bromide 



-12 — 29 

-17 5 ifcl 03 

0 — 13 

-6 5 *0.87 

-11.0*1 34 

-63 

Epinephrine 

hydrochloride 



+21- +60 

+45 *2 96 

+37- +90 

+64 *3.89 | 

+19.0*4 8S | 

-H 2 


C. Atropine sulfate, 0.03 mgm./kgm ; 4 dogs 


Histamine di- 
phosphate 

4-15 

12 

-12 23 

-17.8*0 81 

-S — 23 

-15 4 *0.95 , 

-2.4*1.24 

-13,4 

Acetjlchohne l 

bromide 

2-60 

12 

-11 — 22 

-1G 7 *0.66 | 

0 — 4 

-0 5 -MJ 21 

-16 2 *0 C9 

-97 

Epmephnne hy- 
drocblonde 

JO ' 

12 

+12- +60 ] 

+42.6 ±3 22 ( 

+23-+S1 

+60,5 *4 49 

+17.9 *5 52 

+42 


* Three injections of histamine, acetylcholine and epmephnne made intravenously in each of four dogs before and 
alter intravenous injection of (A) benadryl, 1 0 mgm /kgm , (B) benadryl, 3 0 mgm /kgm r and(C)atropmc sulfate 
0 03 mgm /kgm. 


The data in tabic 3 (Part A) reveal that depressor responses of 12 to 30 mm. 
Ilg following small doses of histamine were reduced to 4 to 14 mm. Hg following 
administration of Benadryl (1.0 mgm./kgm., I.Y.). The mean depressor re- 
sponse to histamine was reduced OS per cent. Liken ise, the depressor responses 
to small doses of acetylcholine were significantly reduced, the mean response 
being decreased 40 per cent. On the other hand, the mean pressor response to 
epinephrine was not significantly altered in either direction. 

Repetition of these experiments in another four dogs with the dose of Benadryl 
increased to 3.0 mgm./kgm., intravenously (tabic 3, Part B), revealed that the 
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mean depressor responses to histamine and acetylcholine "were reduced 58 and 
63 per cent, respectively. Thus, an increase in the dose of Benadryl failed to 
obliterate the depressor effects of histamine and acetylcholine. The inhibitory 
effect of the increased dose of Benadryl against histamine was no greater than 
that which obtained with the dose of 1.0 mgm./kgm. Acetyl choline was antag- 
onized to a greater degree. A result not evident in previous experiments was 
that the mean pressor response to epinephrine was increased 42 per cent (table 
3 and figure 1). 

An additional group of experiments was made on four dogs in which atropine 
sulfate (0.03 mgm./kgm., I.V.) was substituted for Benadryl (table 3, Part C). 
These experiments were made to serve as controls, in some degree, for the ex- 
periments with Benadryl and also to aid in interpreting the previous findings. 
The dose of atropine used failed to significantly alter the depressor response to 
to histamine but the antagonism of aeetylcholine was nearly complete in each 
experiment. Furthermore, the mean pressor response to epinephrine was aug- 
mented 42 per cent. The accentuated response is equal in magnitude to that 
obtaining after Benadryl at a dose of 3.0 mgm./kgm. and suggests that tills effect 
of Benadryl is referable to a weak atropine-like activity, although other causes 
must be considered. 

Other facts pertaining to the pharmacological actions of Benadryl were as- 
certained during the course of these experiments. Following the intravenous 
administration of the relative small doses of drug employed, the antagonism of 
the vascular effects of histamine and acetylcholine persisted for 1§ to 2 hours. 
When the augmented pressor response to epinephrine became evident it endured 
for a similar period of time. It is apparent that the activity of Benadryl per- 
sists for an appreciable time interval. 

Effects of Benadryl on blood pressure and respiration as observed in these 
experiments are of interest. Preliminary studies had revealed that rapid intra- 
venous injections elicited hypotension and apnea, both of short duration. It 
was because of this observation that in subsequent experiments even small doses 
of the drug were injected at a constant rate during one minute. Doses of 1.0 
mgm./kgm. reduced blood pressure levels of 100 to 150 mm. Hg by 5 to 10 mm. 
Hg in three of the four experiments. One minute following injection of the drug 
the blood pressure had returned to the control level and then immediately was 
elevated 5 to 12 mm. Hg. These slight pressor responses persisted for only 3 to 
8 minutes. When the dose of Benadryl was increased to 3.0 mgm./kgm. the 
diphasic alterations in blood pressure were similar but of greater magnitude. 
Depressor responses recorded in three of the four experiments amounted to 10 to 
30 mm. Hg and persisted for less than two minutes. Pressor responses of 5 to 
28 mm. Hg appeared consistently; the blood pressure progressively decreased to 
normal within 12 to 25 minutes. It was not possible to determine the cause of 
the pressor or depressor effects from records obtained under the experimental 
conditions employed. Neither the pressor nor depressor responses were of suffi- 
cient degree or duration to suggest that they were intimately related to the 
prolonged action of Benadryl in antagonizing the depressor action of histamine 
and acetylcholine or in potentiating the pressor action of epinephrine. 
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Respiiation was unaffected by Benadryl when doses of 1 0 mgm./kgm. were 
injected intravenously. With the larger dose of 3.0 mgm./kgm., the depth of 
respiiation was slightly decreased for one minute. Respiratoi}' rates "were in- 
creased 20 to 40 per cent, usually for only 1 to 3 minutes, but m one e\periment 
a slightly increased rate persisted for 20 minutes. 

Discussion. Previous studies with guinea pigs (1, 2) indicate that Benadryl 
is markedly effective in pieventing mortality due to seveie bronchoconstiiction. 
In other experiments (11) it was demonstiated that Benadryl dilates the bron- 
chioles of isolated, perfused lungs and also telaxes the bronchioles after spasm 
has been induced with histamine. This drug therefoie possesses a marked 
bronchodilator activity and a singular capacity to antagonize histamine 
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FlO 1 Ff*FCT OF Hi \ADIU LON AltLR\T10\S IN HlOOD PrlSSI Jtt OF 
1'lIfcAOB \RI1ITALIZLD D«0 FOLLOW ISO I\ JF CTION OF LriNtPHRINb, 

Histamine \nd Aci/nuiiOMM- 

Hecords from jbn\c downwards blood pressure, respiration, time in 1 min intervals; 
0 irnn Hg bt^elinc and sign il marker 

Pressor and depressor responses before and after administration of benadr>!,3 Oingm / 
kgm , in\r\\enou*l> VI = epinephrine hvdrochlonde, 10y intra\enousI> , H = histamine 
diphosphate, lOy mtr«u enously , A = acetylcholine bromide, lOy intravenously 


In the present studies with isolated guinea pig ileum it was levealed that 
Bcnadrvl, in a dilution of 1 ;50,000,000, was capable of preventing lnstamine- 
induml spasm, wheieas dilutions of 1 : 4, 000, 000 and 1 : 125,000 were required to 
antagonize aeotvlchohnc and haiiuin respectively The drug is therefoie an 
exceedingh potent, speeilic inhibitoi of histaniine m tlic same sense that atropine 
is legurded as a speeilie inhibitor of acet \ lchohne. Atropine and Benadiyl are 
examples of ant (spasmodic agents with singular piopcitics of antagonizing aeetx 1- 
eholine and histamine iP'poctixeh. 

* he '<’">1 niiiseulotropir n fiequenth used when lcferung to smooth mmole 
stimulants such as histamine and ha mini or to antispasmodie agents wliuli an- 
tagonize such stimulants Both Boiiadnl and 1571F (table 1) ate potent his- 
tamine antagi nists but less potent as b.uium antagonists than Tiascntin and 
I’.iMitrine (10) In mcw if the spei itie acta n of u tnpounds such as Benadryl 
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IntSsfanTSemi 6 d f' Cript£ve term anti-histamine componnd or histamine 
d^Xonir“ 10trOP1C as 8 generic te ™ t0 “Cludo all agents acting 

sizes the import arn^nf^ c . OI ?.P ounds wit h specific anti-histamine action empha- 

ing synthetic antispasmodi^ 8 Thfmth “ * Spasmogenic agent ' vhen evaluat ' 
spasmodics only for their ability COm ™ m practise of testin S anti ' 

viouslv n-oiild nn+ •. , } anta gomze barium and acetylcholine ob- 

2JZT: T Ct, T °' drugs. Such drugs might 

presence and aide diSbutionTf *J e '*P eul ! c •Sals, especially in vieu- ot the 
regarding its rAl* in 1 • • °, ^stamme in animal tissues and the evidence 

Benadn Uif pi ^ oI ogical and pathological mechanisms. 

as indicated 'bv' STT^y Z Z™* effect ° f histamine ™ the vascular system 
dlZ o tJZ!^ n at administration of ^ drug to dogs decrees^ the 
in Seme n rS “? mt ™ e ™ s do ^ of histamine. These findings are 
responis follo^!,! n ^ PUbHshed by We]ls ^ «*• (12, 13). Depressor 
Its effectiveness in ° SGS ° f acct 3'lcholine were also partially prevented. 

iS l that Of 

testinal muscle. 3 S of studies on blood pressure as well as on ra- 

the augmentation 1 oTnr^ 6 aCtivity exerted hy Benadryl may have accounted for 
tions a r o i °-ZT T r /V nSe t0 e P* ne Phrine. However, other explana- 
could have sensitized the lZ t* ltSdf produced measurable pressor effects and 
ness of epinephrine. The V ? S , Cular system so as to increase the effective- 

and the slight nressor effe t T S hypotension following injections of Benadryl 
the ability of the drain- t % °- Sb ,° rt durat, °n are probably not closelv related to 
choline for £ ‘ 0 I™™ 1 ' t he dep ^or effects of histamine and acetyl- 

sure at ornear noZZ Z" Furthe ™> the maintenance of blood pres- 
to specific actions of LkZdZZnZto Z Pben ° me . na demonstrated are due 
Although several svniLcw ‘ d not J° general vascular depression. 

of producing epinephrine reve'^H^ histamine are capable 

erty. l°'» Benadryl does not possess this prop- 

nmSS^cpouc^ *■ ad « ati °n of histamine to dogs with de- 
cutaneouslv. However th^ SIgaificant h’ reduced by injecting Benadryl sub- 
in one of four docs Tt rl ° ° g0gUe action of histamine was not inhibited 
niteH antaMnkedT'the r < Zi DOt appear 'ogieal to conclude that Benadryl defi- 

ministered, the marked potenTSionstrated ” Z ° f ^ 

2s2s* sk of T rr^ 

cZgestamoSt ° f f lnh,b,ti ° n dem onstrated might be referable to 

direct effect on f ■ CU ' ’ ° r ? t lcr deration in function and not to any 
Zt onZZZ w n°°’ "' Wch evolved the antagonism of his- 
ZZ'Zl °u Benadryl ° n histamine, a humoral stimulus of the 

been H m ^ n "T , studled ' Sln ce a weak atropine-like action has 

been demonstrated, Benadryl might be more effective in suppressing gastric 
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secretion of the' intact, innervated stomach when both humoral and nervous 
stimuli were operating. 

The experimental study supplies some information concerning the possible 
mode of action of Benadryl. It is doubtful whether it inactivates histamine be- 
cause of chemical union or neutralization for if so one would expect greater an- 
tagonism of the secretogogue action of histamine. Furthermore, Benadryl in a 
dilution of 1:50,000,000 was effective in preventing the spasmogenic action of 
histamine diluted 1:12,500,000; obviously, stoichiometric neutralization does 
not explain the antagonism. Furthermore, low dilutions of Benadryl prevented 
the spasmogenic action of barium and acetylcholine on intestinal smooth muscle. 
It is unlikely that Benadryl chemically neutralizes such dissimilar substances as 
histamine, barium and acetylcholine; the antagonism of all three suggests the 
more probable explanation that the'drug alters permeability of smooth muscle or 
combines with some portion of the effector cell so as to prevent histamine, or 
other spasmogenic agents, from producing a normal response. Gastric secretory 
cells may be less susceptible to changes in permeability or such cells may not 
contain elements which readily unite with Benadryl and thereby exclude his- 
tamine from combining or acting. Wells et al. (12, 13) concluded from 
quantitative studies of Benadryl-histamine antagonism relative to blood pressure 
responses in dogs that “. . .antagonism of histamine by Benadryl may well be 
due to adsorption of Benadryl onto the effector mechanism, competing thereby, 
with histamine for its site of action.” 

SUMMARY 

Pharmacological studies with a synthetic compound, Benadryl (d-dimethyl- 
aminoethyl benzhydryl ether hydrochloride), revealed the following: 

1. A dilution of 1:50,000,000 proved effective in antagonizing the spasmo- 
genic effects of histamine on intestinal muscle whereas much larger doses were 
required to antagonize the effects of acetylcholine and barium. Benadryl pos- 
sesses a degree of specificity against histamine which approaches the specificity 
of atropine against acetylcholine. In view of weak antagonism of barium, the 
term anti-histamine compound describes Benadryl more specifically than use of 
the generic term, musculotropic antispasmodic. 

2. Secretion from denervated gastric pouches in dogs following stimulation 
with histamine was reduced approximately 40 per cent by pre-treatment with 
Benadryl. Evidence of inconsistency in results and lack of a pronounced in- 
hibitory effect reduces the probability that a direct antagonism of the secreto- 
gogue action of histamine was involved. 

3. Depressor effects of small doses of histamine and acetylcholine were de- 
creased by intravenous administration of Benadryl in' dogs. The possibility 
exists, therefore, that the relaxing effect of histamine on vascular smooth muscle 
was antagonized, as well as the contracting effect as demonstrated on intestinal 
muscle. 

4. Adequate doses of Benadryl augmented the pressor response to epinephrine. 
There was no evidence of epinephrine reversal which has been demonstrated with 
several other synthetic drugs which possess some degree of anVi-liistamine action. 
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When the pyrrolidine ring of nicotine is split by such chemical procedures as 
benzoylation the cleavage occurs between the nitrogen and the carbon atom 
attached to the pyridine ring. Debenzoylation then results in the formation 
of 3-(4-methylamino-l-butenyl)-pj'ridine 1 (metanicotine). Reacted with CNBr, 
either in the presence or absence of phosphate ion, this substance does not yield 
a red color, nor does its hydrogenated derivative 3-(4-methylaminobutyl)- 
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pyridine. 1 Neither does the demethylated analogue 3 - (4 - a m i n o b u ty 1 ) -py rid i n e 5 
yield a red color with CNBr. 

‘Kindly prepared for us by C. II. Rayburn and II. X. Wingfield of the Research Labora- 
tory of the American Tobacco Company. 

‘The preparation of this compound has recently been described by P. G. Haines, A. 
Eisner and C. F. Woodward (J. A. C. S., 67: 125S, 1915) of the Eastern Regional Research 
Laboratory of the U. S. Department of Agriculture, who kindly furnished us with a sample 
for this study. 
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In view of these findings, the alternate possibility that cleavage of the pyr- 
rolidine ring between the nitrogen and the 5 position occurs during nicotine 
metabolism, was investigated. To this end the compounds 3-(l-aminobutyl) 
pyridine 1 and 3-(l-methylaminobutyl)-pyridine' were prepared. Reacted with 
CNBr both yielded a red color. In contrast to this the deaminated analogue 
3-butyl-pyridine 1 failed to yield a red color with CNBr. 

Interpreting this in the light of our findings concerning the fate of nicotine 
in the animal body, it seems fair to assume that the nicotine metabolite that 
yields a red color with CNBr is a product of cleavage of the pyrrolidine ring be- 
tween the nitrogen and the 5 position. The additional finding that this sub- 
stance is not extractable with ether from alkalinized urine is suggestive of the 
presence of a carboxyl ending on the resulting side chain. Whether or not this 
substance accounts for all or only part of the 90 per cent of administered nicotine 
that fails to be excreted unchanged, is as yet unknown. 
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EFFECTS OF MORPHINE AND ITS DERIVATIVES ON 
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TV. The Influence of Chronic Morphine and Heroin Poisoning on the 
Oxygen Consumption of Dog, Rat and Mouse Skeletal Muscle 
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It has been demonstrated previously (1) that skeletal muscle of chronically 
morphinized rats, taken during the first few days of the withdrawal period, has 
a significantly higher oxygen uptake (as measured in vitro in the Warburg 
apparatus) than muscle taken from normal animals. Morphine sulfate, added 
in vitro to minced skeletal muscle from the chronically morphinized as well as 
the normal rat, produces an increase in oxygen uptake by this tissue. The 
significance of these findings in relation to addiction could be more firmly estab- 
lished if muscle from rats chronically poisoned with some morphine derivative 
of known addiction potentialities, or muscle from other animal species poisoned 
with morphine could be shown to have a higher oxygen consumption than normal 
muscle. 

A preliminary report (2) indicated that skeletal muscle obtained by biopsy from 
dogs chronically poisoned with morphine had a higher oxygen uptake taken after 
48 or 72 hours withdrawal than normal muscle from the same animal before the 
administration of the drug. It is the purpose of this study to determine whether 
skeletal muscle from dogs and mice chronically poisoned with morphine, exhibits 
an increase in oxygen utilization during the withdrawal period (as does muscle 
from chronically morphinized rats) and whether the same qualitative change in 
the oxygen metabolism of rat skeletal muscle occurs after prolonged adminis- 
tration of heroin. 

Method. Skeletal muscle samples from the dog and mouse were minced in a 
micromincer (3) and those from the rat were prepared by mincing in a Latapie mincer. 
After the tissue was minced, 200 mgm. was suspended in 2.0 cc. of Ringer-M/60 phosphate 
buffer in Warburg flasks. After 10 minutes equilibration at 3S°C., oxygen uptake was 
measured over a period of 1 hour (rat and mouse) or 3 hours (dog). When dog or mouse 
skeletal muscle were used, 0.12 per cent morphine sulfate was present in half the flasks. 

Dog . Specimens of muscle were obtained by sterile biopsy from the biceps femoris of 
normal dogs anesthetized with intravenous pentobarbital or procaine block of the sciatic 
nerve. The two methods of anesthesia were employed to determine if the type of drug used 
influenced the oxygen consumption. After these preliminary studies the daily adminis- 
tration of morphine sulfate (o mgm. per kgm.) was begun and increased as tolerated, until 
a dose, as indicated in table 1, was reached. Oxygen uptake values were obtained at the 
•IS hour withdrawal period on muscle from the same leg as used previously for the determina- 
tion of normal oxygen consumption. 

*This work was begun in the Department of Pharmacology, University of Wisconsin, and 
supported by the Wisconsin Alumni Research Foundation. 
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Mouse. A group of IS normal mice of the same age and approximately the same n eight 
were divided into two equal groups. One group was placed on an adequate mouse diet and 
the other group was given the same diet to which morphine sulfate had been added in 
sufficient amount to provide a calculated intake of approximately 20 mgm. per kgm. per 
day. At the end of one week the food consumption of this group was determined and the 
actual daily intake of drug calculated. The concentration of morphine in the food was 
increased at weekly intervals until the intake, at the end of 10 weeks, was 195 mgm. per 
kgm. per day. At this time the animals were placed on the standard diet containing no 
drug and 48 hours later killed by decapitation and the muscle removed from both hind legs. 
The muscle from the animals receiving the morphine-free diet was treated in the same 
manner. 

Rat. Albino rats weighing approximately 200 grams, chosen without regard to sex, were 
used in these studies. The animals were maintained on an adequate diet. Heroin hydro- 
chloride was administered daily by subcutaneous injection in steadily increasing doses over 
a period of 52 days. The dose of heroin was' raised from 10 to 100 mgm. per kgm. per day 
during this time. The latter dose was maintained for one week and administration of the 


TABLE 1 


Oxygen consumption of dog skeletal muscle mince before and after chronic morphine poisoning 

(J,8 hours withdrawal) 


DOC 

DOSE AT TIKE 07 

TYPE or anesthesia 

% 

WITHDKAWAL 

Control 

After morphine 

la 

mpm, per tpm. 

70 

I.V. pentobarbital 

5.43 


ib 

200 

I.V. pentobarbital 

5.25 


2 

70 

I.V. pentobarbital procaine 

5.49 


3 

100 

sciatic block 

4.67 


5 

200 

I.V. pentobarbitaf 

5.73 

5.85 

6 

100 

I.V. pentobarbital 

3.40 

4.11 

9 

100 

I.V. pentobarbital 

4.49 

6.73 


drug discontinued. Forty-eight hours after the last dose of the drug, the animals were 
lulled by decapitation and the entire muscle from the right hind leg removed. This was 
freed of fat, nerve and connective tissue and its oxygen consumption determined. Muscle 
from normal control animals was treated in a similar manner. 

Results. The rate of oxygen consumption by minced skeletal muscle of the 
dog is significantly increased by chronic morphine poisoning if this is determined 
48 hours after the last dose of the drug. These data are presented in columns 
4 and 5 of table 1. In each case the Q 0 , of minced muscle after chronic morphine 
poisoning is higher than the Qo, of minced muscle obtained from the same 
muscle of the same animal before administration of the drug. The mean differ- 
ence in Qo, for the 7 animals is 1.29 with a o- = 0.886 and an S.E. M = 0.325. 
The t value of the difference is 4.0 which gives a significant value for P lying 
beyond 0.01. 

The type of anesthesia apparently did not have any marked effect on oxygen 
consumption of the muscle since the Qo, of muscle when obtained by procaine 
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block of the sciatic nerve lies in the range of values obtained when the animal 
was anesthetized with intravenous pentobarbital (columns 3 and 4). 

There also appears to be no quantitative relationship between dose of drug at 
time of withdrawal and increased oxygen consumption of muscle. 

The mean no-substrate Qo. for minced skeletal muscle from 9 normal mice 
was found to be 1.07 with an S.E. M equal to 0.046 and a t value of M equal to 
23. These Qo, values are presented graphically in the first column of figure 1. 
In this figure similar data obtained on muscle from chronically morphinized 
mice are presented for comparison. The mean Q 0l for minced skeletal muscle 



Fig. 1. Oxygen Consumption of Minced Skeletal Muscle of N oemal Mice and 
Chronically Morphinized Mice 

Each filled circle represents Qo, on muscle from one animal. The horizontal line indi- 
cates the mean for each group. 

from this second group of animals is 1.46 with an S.E.m equal to 0.12 and at 
value of M equal to 12. The t value of the difference of these two means gives 
a significant figure of 3.05. 

Morphine sulfate (0.12 per cent) produces the same qualitative effect when 
added in vitro to a nomal dog skeletal muscle mince as it does when aded to 
normal rat skeletal muscle mince (table 2). There is a small, but significant, 
increase in the Qo, produced by the addition of the morphine. The Uo, (3 hr.) 
shows a much greater increase. In contrast to the findings for the rat, addition 
of morphine to muscle from chronically morphinized dogs has no uniform or 
significant effect on Qo, or Uo, (3 hr.). 
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The oxygen consumption of muscle from normal mice as well as from chron- 
ically morphinized mice is not significantly affected by addition of morphine 
in vitro (table 2). 

Skeletal muscle from rats poisoned with heroin behaves, in regard to oxygen 
consumption, in a manner qualitatively similar to skeletal muscle from chron- 
ically morphinized rats. The mean Qo, of minced skeletal muscle from 19 
normal rats was found to be 2.04 (first column of Figure 2) with a t value of 
17.3. Muscle taken from 5 rats chronically poisoned with heroin, 48 hours after 
‘the last dose of the drug, had a mean Qo, of 3.16 (t value of mean = 14.4). 
This value is significantly liigher than the mean for normal muscle (t value of 
the difference of the means = 4.5). 

Discussion. Although the results presented in this paper do not yield any 

TABLE 2 

Effect of 0.12 per cent morphine sulfate on the Qo. arid Uoi (3 hr.) of minced skeletal muscle 
from normal and chronically morphinized dogs and mice 
Values are expressed as the mean difference in oxygen uptake between a control and one to 
which morphine sulfate had been added 


ANIMAL 


NUMB EE 
OF ANI- 
MALS 

MEAN DIFFERENCE IN Q 0 ^ 

iffiiN mmsLsen in U 0j (3 hi.) 

Dog 

Normal 

Chronically 

morphinized 

7 

7 

0 (t value of differ- 

+0 - ence = 19.6) 

_ (t value of differ- 

— U.uU „ 

ence = 3.34) 

. „ (t value of differ- 
+ ence = 0.91) 

+049 B value of differ- 
+u ’* y ence = 0.91) 

Mouse 

Normal 

Chronical^' 

morphinized 

9 

9 

+0.04 

(t value of differ- 
Up ence = 1.39) 



information as to the actual mechanisms involved in the production of an in- 
creased oxidative metabolism of skeletal muscle arising as a result of chronic 
morphine poisoning, they do lend support to the view that this heightened 
metabolism is in some way related to tolerance, addiction and the signs of with- 
drawal. If such a finding were to obtain in only one species and with morphine 
only one would be hesitant in attaching too much importance to it in connection 
with addiction. However, it occurs not in the rat alone, but also in the mouse 
and dog and in the rat with heroin as well as with morphine. 

As with the rat, the oxygen uptake of skeletal muscle from chronically mor- 
phinized dogs was found to be greatest 48 nours after the last dose of the drug. 
At this time all samples of muscle exhibited a significant increase in oxygen up- 
take as compared to control samples. In some animals high values were ob- 
tained at 24, 72, and 96 hours but this was not uniform and the mean increase 
of all animals was not significant at these periods. By analogy with the rat and 
mouse x\e would expect oxidative metabolism to be significantly increased at 
24, 72 and 96 hours even though the peak in all three species comes at 48 hours. 
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It must be pointed out that in the smaller animals the results represent a mean 
value for all muscle of the hind quarters, whereas in the dog an attempt was 
made to sample a single muscle at intervals. It will be noted that while the peak 
value at 48 hours in the dog is significant it does not represent as great a total 



Fig. 2. Oxygen- Consumption- of Minced Skeletal Muscle of Normal Rats and 
Rats Chronically- Poisoned with Heroin 

Each filled circle represents QOj on muscle from one animal. The horizontal line indi- 
cates the mean for each group. 

increment as in the rat and mouse. It seems possible, therefore, that there could 
be factors tending to give low Y-alues such as sampling errors (excising an ad- 
joining muscle having a lower oxidative metabolism than the biceps femoris), 
inclusion in the sample of connective tissue from the previous operative site, and 
local changes in blood and nerve supply as a result of the first surgical procedure, 
which although operative in all instances might be adequate to mask small but 
otherwise significant increases at 24, 72 and 90 hours but insufficient to obscure 
the peak increase at 48 hours. 
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Although addition of morphine sulfate in vitro to a normal dog skeletal muscle 
mince produces an increase in oxygen consumption qualitatively similar to that 
obtained when normal rat skeletal muscle respires in the presence of morphine 
sulfate, such is not the case with muscle from normal mice. Unlike the rat, 
addition of morphine sulfate to skeletal muscle from dogs or mice chronically 
poisoned with morphine produces no significant alteration in oxygen uptake. 
The mechanism whereby an increase in oxygen utilization is brought about by 
an addition in vitro of morphine sulfate to rat skeletal muscle is being inves- 
tigated but has not been elucidated. Until this mechanism is established, the 
lack of effect on skeletal muscle from the mouse and chronically morphinized 
dog cannot be postulated. 


SUMMARY 

Skeletal muscle obtained from chronically morphinized dogs and mice forty- 
eight hours following withdrawal of the drug has a significantly greater oxygen 
uptake than muscle taken from normal animals. Chronic poisoning with heroin 
produces an increase in the oxygen consumption of rat skeletal muscle qual- 
itatively like that produced by chronic morphine poisoning. 

Addition of morphine sulfate (0.12 per cent) to a skeletal muscle mince from 
normal dogs produces a significant increase in the oxygen uptake. Addition of 
morphine sulfate (0.12 per cent) to a skeletal muscle mince from normal mice or 
chronically morphinized mice or dogs causes no significant alteration in oxygen 
consumption. 

The author is indebted to Dr. M. H. Seevers for suggestions and criticisms 
and to Mr. J. K. Theisen for technical assistance. 
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It must be pointed out that, in the smaller animals the results represent a mean 
value for all muscle of the hind quarters, whereas in the dog an attempt was 
made to sample a single muscle at intervals. It will be noted that while the peak 
value at 48 hours in the dog is significant it does not represent as great a total 



Fig. 2. Oxygen Consumption of Minced Skeletal Muscle of Normal Rats and 
Rats Chronically Poisoned with Heroin 

Each filled circle represents Qo, on muscle from one nnimnl. The horizontal line indi- 
cates the mean for each group. 

increment as in the rat and mouse. It seems possible, therefore, that there could 
be factors tending to give low values such ns sampling errors (excising an ad- 
joining muscle having a lower oxidative metabolism than the biceps femoris), 
inclusion in the sample of connective tissue from the previous operative site, and 
local changes in blood and nerve supply as a result of the first surgical procedure, 
which although operative in all instances might be adequate to mask small but 
otherwise significant increases at 24, 72 and 90 hours but insufficient to obscure 
the peak increase at 48 hours. 
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Although addition of morpliine sulfate in vitro to a normal dog skeletal muscle 
mince produces an increase in oxygen consumption qualitatively similar to that 
obtained when normal rat skeletal muscle respires in the presence of morphine 
sulfate, such is not the case with muscle from normal mice. Unlike the rat, 
addition of morphine sulfate to skeletal muscle from dogs or mice chronically 
poisoned with morpliine produces no significant alteration in oxygen uptake. 
The mechanism whereby an increase in oxygen utilization is brought about by 
an addition in vitro of morphine sulfate to rat skeletal muscle is being inves- 
tigated but has not been elucidated. Until tills mechanism is established, the 
lack of' effect on skeletal muscle from the mouse and chronically morphinized 
dog cannot be postulated. 


SUMMARY 

Skeletal muscle obtained from chronically morphinized dogs and mice forty- 
eight hours following withdrawal of the drug has a significantly greater oxygen 
uptake than muscle taken from normal animals. Chronic poisoning with heroin 
produces an increase in the oxygen consumption of rat skeletal muscle qual- 
itatively like that produced by chronic morphine poisoning. 

Addition of morphine sulfate (0.12 per cent) to a skeletal muscle mince from 
normal dogs produces a significant increase in the oxygen uptake. Addition of 
morphine sulfate (0.12 per cent) to a skeletal muscle mince from normal mice or 
chronically morphinized mice or dogs causes no significant alteration in oxygen 
consumption. 

The author is indebted to Dr. M. H. Seevers for suggestions and criticisms 
and to Mr. J. K. Theisen for technical assistance. 
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The rat i« known to be one of the ran4 resistant animals to the toxic action of 
cardioactive glycoside* (1, 2, 3, -1, 5, (i). Thi* resistance is partly due to the 
ability of the rat. heart to function in the presence of high concentrations of these 
glycosides (I, 7). Another cause for this resistance is the ability of the rat to 
eliminate large quantities of these drugs (5, 0). Straub believes that with k-stro- 
phanthin the elimination process is mainly due to the ability of rat blood to 
destroy this glycoside (2). On the other hand, Hatcher (3) and Hatcher and 
Eggleston (-1) present strong evidence that this process of elimination is due 
largely to an excretion of the drug via the liver into the gastro-intcstinnl tract. 
This is then followed by a partial destruction of the material in the large intestine; 
the rest is excreted in the feces. 

The object of the present study was to determine the relative importance of 
the liver in this process of elimination. 

We have studied the influence of hepatcctomy on the lethal dose (L.D.) of 
g-strophanthin and have demonstrated a reduction of this dose, which is related 
to the degree of hepatcctomy. The process of hypertrophy of the liver following 
partial hepatcctomy has also been correlated with the return to normal values 
of the lethal dose of g-strophanthin. 

In another set of experiments the rate of elimination of g-strophanthin in the 
normal animal has been compared with that of the “functionally liepatectomised’ 
(eviscerated) rat . Our data show that evisceration markedly reduces the process 
of elimination. 

A number of in vitro experiments have been designed to sec whether blood and 
liver slices of the rat can destroy g-strophanthin. 

Matf.iuals ASl) mkthods. The animals employed were white rats, raised locally on a 
basic diet of barley and seasonal vegetables, supplemented every other day with a special 
diet containing per kg., 500 grams barley flour, 3— t eggs, 200 cc. of milk and 200 grams of 
ground mutton. The rats were in good health and showed no obvious signs of nutritional 
deficiency. Prior to starting the experiment, all animals were kept for 4-6 hours without 
food. Adult male rats only were used, since Ilolck and nl. (S) have demonstrated sex and 
ago differences in the sensitivity of rats to g-stroplinntliin. 

The g-strophanthin used was a crystalline material supplied by Burroughs Yi ellcome 
(Ouabain B.P.C. 13% water of crystallization). In all experiments a freshly prepared 
0.5 per cent solution in normal saline was used. 

The lethal dose of g-slrophanlhin was determined by infusing the solution of g-strophan- 
thin at a constant rate into the external jugular vein of anaesthetised rats (O.O6-0.0S gram 
amytal per kg. body weight , given intraperitoneally). Since in the rat respiratory paralysis 
may occasionally precede cardiac arrest, we have employed artificial respiration in all our 
experiments. 

‘Present address: Department of Pharmacology, Harvard Medical School, Boston, Mass. 
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To facilitate the observation of the end point of the experiments, namely, ventricular 
fibrillation or cardiac arrest, the chest was opened by means of a midline incision and the 
pericardium removed. After careful haemostasis, 15-20 units of heparin were given intra- 
venously so as to prevent clotting of the blood in the venous cannula employed for the 
infusion. Mehnert (6) has shown that heparin in the amounts used does not modify the 
lethal dose of k-strophanthin. 

In the rat the lethal dose of g-strophanthin is largely influenced by the rate of infusion. 
We have chosen a rate of about 54 mg. per kg. per hour, since with this rate cardiac arrest 
in the rat occurs within a period of 60 to 100 mniutes. Constant infusions were made by 
means of a locally constructed apparatus consisting of an electric motor, gears and a rack 
and pinion which pushed the piston of a tuberculin syringe. By changing the gears and 
syringes the apparatus could he adjusted to deliver at rates varying between 0.004 and 
0.184 cc. per minute with an error not exceeding ±5 per cent. 

Partial hepatectomy was performed by removing various portions of the liver. Thus 
approximately 8 per cent hepatectomy was made by removing the smaller portion of the 
median lobe, and approximately' 20 per cent by removing the larger part of the same lobe. 
Total extirpation of this corresponds to about 30 per cent hepatectomy', while the removal 
of both median and left lateral lobes is equivalent to about 67 per cent. 

Total hepatectomy was performed by evisceration, a procedure shown by Russel (9) to 
give “functionally" liepatectomised rats. Following partial or complete (functional) 
hepatectomy the lethal dose of g-strophanthin was determined using the same rate of 
administration of about 54 mg. per kg. per hour, the rate of administration being based on 
the body weight, minus the weight of the organs extirpated. In all these experiments wet 
liver weights were recorded. 

The experiments on liver regeneration were performed on animals where both the medihn 
and left lateral lobes (67% of the liver) had been removed. The general procedure was the 
same as that of Biggins and Anderson (10). The lethal dose of g-Btrophanthin was deter- 
mined after 2, 4, 7, 14 and 21 days. In 32 normal animals the average liver weight was 
found to be 3.31, ±0.46 per cent, of the body weight. This value is lower than those of 
both Hata (11), and Higgins and Anderson (10). The percentage hypertrophy of the liver 
was calculated from the liver and body weights, one hundred per cent hypertrophy being 
that liver weight which was equal to 3.31 per cent of the body weight. 

The rale oj elimination o] g-strophanthin was determined by a method developed by 
Hauptstein (12) and Heubner and Nyary (5). This consisted essentially of the determina- 
tion of the lethal dose of the glycoside at different rates of administration. Lowering of 
the rate of administration resulted in an increase in the lethal dose. By dividing the 
differences between these lethal doses by the differences in the corresponding experimental 
times, the rate of elimination per kg. per hour could be determined. 

The in vitro experiments with rat blood, designed to see whether this tissue is able to 
destroy g-strophanthin, were performed on defibrinated blood diluted 1:1 with Krebs- 
Henseleit solution (13). After the addition of 1.0 or 1.5 mg. of g-strophanthin to 10 or 15 
cc. of this diluted blood it was incubated in a water bath at 3S°C. Oxygen was passed 
through in a continuous stream. Immediately after the addition of g-strophanthin, and 
again 5 and 9 hours later, 1.5 cc. of the solution was removed, diluted to 22.5 cc. with Krebs 
solution for cold-blooded animals and tested on a number of isolated frog hearts. Control 
experiments with diluted rat blood containing no g-strophanthin showed no toxic effects 
upon the frog hearts. 

In the in vitro experiments with rat liver slices about 3.5 gram of slices were placed in 10 
or 15 cc. of 1 :10,000 solution of g-strophanthin in Krebs solution. This was incubated and 
oxygenated as described above. Immediately after the liver slices were placed in the solu- 
tion, and at various time intervals therafter, 1.5 cc. samples of the supernatant fluid were 
removed, diluted to 22.5 cc. with Krebs solution and tested on a number of frog hearts. 

The extraction oj g-strophanthin from liver slices was made by grinding the tissue with 
sand and extracting the brei with 5 cc. of 66 per cent ethyl alcohol for every one gram of 
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liver. This extract was boiled for 2-3 minutes in a water bath, allowed to cool, the original 
volume restored by adding alcohol, and then centrifuged. An aliquot portion of this 
alcoholic extract was evaporated on a water bath to about one tenth its volume. The 
residue was taken up in Krebs solution to give n 1 :2 dilution for every one cc. of alcoholic 
extract evaporated. This extract was fdtered and then tested on isolated fro;; hearts. 
Control experiments with liver slices where no K-strophnnthin was added were non-toxic. 
Furthermore, g-stropbnnthin added to thc'c extracts Rave the usual response of the frog 
heart. G-strophanthin added to rat liver brei could be recovered quantitatively within 
the limit of accuracy of the biological method of as'-av. 

The collection of fat bile was made by cannulating the common bile duct of the anaes- 
thetised rat, collecting the bile and then testing it on the isolated frog heart in a dilution 
of 1:123. It could be shown that normal rat bile in such concentration does not produce 
any toxic manifestations in the frog heart. After collecting normal bile for 30-00 minutes, 
R-strophanthin was infused intravenously at a rate of 25 to 32 mg. per kg. per hour. At 
one hourly intervals the bile was collected, diluted 1:123 with Locke solution and tested 
on isolated frog hearts. Ily comparing the effects on the frog heart produced by bile with 
known concentrations of R-strophanthin it was possible to estimate the quantity of R-stro- 
phanthin eliminated with the bile. 

Results. At the rate of administration of approximately 54 mg. per kg. per 
hour of g-strophanthin cardiac arrest usually occurs within CO to 100 minutes. 
The average lethal dose of 10 determinations in anaesthetised male rats was 
77.11 ± 7.01 mg. per kg. 

The removal of G7 per cent of the liver or total (functional) hepatcctomy re- 
duces the lethal dose of g-strophanthin to 13.05 and 9.14 mg. per kg. body weight 
respectively. The question arises whether the shock produced by partial hepa- 
tectomy or evisceration has any influence on the lethal dose. In G animals where 
the abdomen of the rats was opened, the liver pulled out and then replaced, the 
lethal dose of g-strophanthin was found to be S2.14 ± 8.54 mg. per kg. when the 
rate of infusion was 53.04 mg. per kg. per hour. In 4 other rats both the median 
and left lateral lobes were removed under ether anaesthesia. Four to six hours 
following this operation the animals had apparently well recovered. They were 
then anaesthetised with amytal and the lethnl dose was not significantly different 
from that determined without allowing the animals to recover from hepatcctomy. 
On the basis of these findings it is justifiable to assume that the lowering of the 
lethal dose following hepatcctomy was due to the removal of the liver and not to 
the operative procedure and shock. The importance of the gastrointestinal 
tract in the determination of the lethal dose of g-strophanthin can be decided by a 
comparison of the data on rats where evisceration and G7 per cent hepatcctomy 
was performed (sec table 1). A removal of G7.2 per cent of the lix r er reduced the 
lethal dose by 82.3 per cent while evisceration reduced it by 87.8 per cent. From 
this it must be concluded that the main reduction in the lethal dose by the process 
of evisceration is due to removal of the liver. 

The relationship of percentage hepatcctomy to the lethal dose of g-strophan- 
thin was studied on 49 rats of which 39 had been hepatectomised to a variable 
extent (table 1). This relationship is not a straight line if plotted on a linear 
scale. However, by plotting the lethal dose against the log of percentage 
hepatcctomy between 8.5 and 100 per cent a straight line is obtained (figure 1). 
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Hypertrophy of the liver in the rat following partial hepatcctomy is a very 
rapid process (10). We have correlated the changes in the lethal dose of g-stro- 
phanthin with the progress of liver hypertrophy and our data on 44 rats are 
presented in table 2. With the increase in liver weight the lethal dose of g-stro- 
phanthin increases. From figure 2a it can be seen that liver hypertrophy does 
not run parallel to the increase in the lethal dose of g-strophanthin. It has been 
pointed out that the relationship of percentage hepatcctomy and lethal dose of 
g-strophanthin is not a straight line. In order to see whether the discrepancy 
between liver hypertrophy and increase in the lethal dose is a real one we have 
plotted in figure 2b liver weight against lethal dose. It can be seen that the 
discrepancy between liver hypertrophy and lethal dose of g-strophanthin is still 
apparent. 

The data concerning the influence of evisceration on the elimination of g-stro- 
phanthin by the rat were obtained on 50 animals and are given in tables 3 and 4. 

TABLE 1 


The effect of acute hepalectomy on the lethal dose of g-strophanthin in the rat 
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It can be seen that evisceration markedly reduces the process of elimination. If 
the blood were the most important organ in this elimination process, evisceration 
should not have affected it to such an extent. The slight elimination seen in 
eviscerated rats may be due to destruction of g-strophanthin by blood or some 
other tissue, or due to an excretion process in the kidneys. Hatcher and Eggle- 
ston (4) showed conclusively that appreciable quantities of g-strophanthin appear 
in the urine, especially if the bile duct is tied. It is possible that at least a part 
of the elimination process still operative in the eviscerated rat is excretion of the 
glycoside by the kidneys. 

Straub (2) claims that the elimination of k-strophanthin in the rat is mainly 
due to a destruction of this glycoside in the blood. This claim was based on in 
vitro experiments with rat blood and blood extracts. In 4 experiments with 
diluted rat blood, one of which is given in table 5, we were unable to demonstrate 
an} decrease in the activity of a g-strophanthin solution even after 9 hours of 
incubation at 38°C. 
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Log percentage Hcpatectomy 

Fio. 1. Tho relationship of log percentage hcpatectomy to the lethal dose of g-strophan 
thin in the rat. 


TABLE 2 


The effect of liver regeneration on the lethal dose of g-etrophanthin in the rat 
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Since the liver plays such an important role in the fate of g-stroplianthin, we 
investigated whether liver slices can destroy this glycoside. From table 6 it is 
clear that within 3 hours a reduction of the concentration of g-stroplianthin m 
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the supernatant fluid is detectable which does not become greater even after a 
9 hour incubation. This reduction, which in the experiment of table 6 u as from 
1 : 10,000 to about 1 : 25,000, might have been due to a destruction of g-strophnn- 
thin by, or a combination of this glycoside with the tissue of the liver. An ex- 



Fto. 2a. A comparison of liver hypertrophy and increase in the lethal dose of g-strophan- 
thin following partial hepatectomy. 

O—O—O Liver weight per cent of normal. 

X— X— X Lethal dose of g-strophantbin per cent of normal. 

Fig. 2b. The relationship of percentage liver weight and lethal dose of g-stropbanthin in 
the rat. . 

0 — 0—0 Acute partial hepatectomy. 

X— X— X Liver hypertrophy. 


TABLE 3 


The elimination of g-strophanthin in the intact anaesthetised rat 
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traction of the rat liver slices gave a solution of marked cardiac activity. Actu- 
ally the 15 cc. of supernatant fluid originally containing 1.5 mg. of g-strophanthin, 
showed an activity about equal to a 1:25,000 solution of g-strophanthin. The 
volume of the liver extract was 43 cc. and had an activity equal to a 1 :50,000 
solution of g-strophanthin. Thus about 1.46 mg. of g-strophanthin could be 
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Log percentage Hepatecfomg 

Fig. 1. The relationship of log percentage hepatectomv to the lethal dose of g-strophan- 
thin in the rat. 


TABLE 2 


The effect of liver regeneration on the lethal dote of g-slrophanthin in the rat 
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Since the liver plays such an important role in the fate of g-strophantliin, we 
investigated whether liver slices can destroy this glycoside. From table 6 it is 
clear that within 3 hours a reduction of the concentration of g-strophanthin in 
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In a number of experiments xve tried to study some factors influencing this 
combination. The method used was the same ns that described above, only 
HCN was added to make a M/200 solution. In another set of experiments 
nitrogen instead of oxygen was passed through the solution, otherwise the condi- 
tions were the same as those of the previous experiments. In both these 
instances combination to rat liver slices was markedly inhibited. It must be 
concluded that the process of combination between rat livei and g-strophanthin 
is dependent on an adequate oxygen supply. 

In three experiments it was possible to demonstrate large quantities of a cardio- 
active substance in the bile following the infusion of g-strophanthin into the rat. 
From figure 3 it can be seen that whereas a 1 :125 dilution of normal rat bile had 

TABLE 0 

The obililij of rat liver slices (o combine with g-strophantfun 
3.55 grams ofliver slices added to 15cc. of 1 110,000 g-strophanthin in Ivrebs solution and 
placed in water bath at 3S° C O. bubbled through solution. Extracts prepared as de- 
scribed under methods. 
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* See footnote in table 5. 


no appreciable action on tbe contractions of the frog heart (figuie 3a) the same 
dilution of bile collected during the infusion of g-strophanthin into the rat had a 
very marked cardiac activity (figure 3b). It has been possible to show that 
within 2-4 hours nearly 80-85 per cent of the infused g-strophanthin can be 
accounted for in the bile (table 7). Whether a greater percentage of the glyco- 
side can be recovered by prolonging tbe period of bile collection, could not be 
decided by the present method since the concentration of g-strophanthin in the 
bile becomes so low that it cannot be determined quantitatively on the frog heart. 
Discussion. It has been shown that g-strophanthin elimination can be 
markedly influenced by partial and complete liepatectomy. Furthermore, the 
data presented show that a cardioactive substance appears in the bile of the rat 
following the injection of g-strophanthin into this animal. From the data of 
Hatcher (3), Hatcher and Eggleston (4) and our own, the piocess oi elimination 
of g-strophanthin in the rat is one of fixation to the liver tissue followed by an 
excl etion xia the bile duct into the intestine. This is followed by a certain 
amount of inactivation and an exaction of this glycoside in the feces of the rat. 
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accounted for in the two solutions. Four other experiments conducted in a 
similar manner gave essentially the same results. It must be concluded that 
within the accuracy of our method no destruction of g-strophanthin by rat liver 
slices could be demonstrated. However, rat liver seems to show a marked ability 
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TABLE 5 

The effect of rat blood on g-slrophanlhin 

g-Strophanthin 1:10,000 in defibrinated rat blood diluted 1:1 with Krebs solution. 
Temperature of water bath 3S.2° C. Oxygen bubbled through solution. At given time 
intervals 2 cc. of the solution was diluted to 30 cc. with cold blooded Krebs solution and 
tested on isolated frog hearts. 
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* +++ No effect on frog heart. 

++ Reduction of amplitude from 1-30 per cent. 

+ Reduction of amplitude from 31-60 per cent. 

± Reduction of amplitude from 61-90 per cent or the appearance of irregularities. 
— Complete systolic standstill. 

•to combine with this glycoside. From the above mentioned data one gram of 
rat liver must have combined with approximately 0.24 mg. of g-strophanthin. 
The treatment of the supernatant fluid in a manner similar to that of the liver 
slices did not increase the actixity of this solution (table 6). The supernatant 
fluid, therefore, did not contain the material which can combine with g- 
strophanthin. 
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Elimination of g-stiophanthin through the kidneys has been demonstrated (4); 
however, this process is much less important than hepatic elimination. Hatcher 
and Eggleston (4) are of the opinion that in the rabbit the elimination of cardiac 
glycosides is siniilai to that described for the rat. The experimental evidence 
for the rabbit is rather meager and fmther experiments will be necessary before 
any definite conclusions can be drawn. 

Very little is known lcgarding the mechanism of elimination of g-strophnnthin 
in the dog and cat. The possibility of an hepatic elimination in our opinion has 
not been excluded. 


SUMS! \KY 

In rats under anaesthesia, the lethal dose of g-strophanthin is reduced by 
partial or total (functional) hepatectomy (evisceration). This reduction is pro- 
portional to the log of percentage hepatectomy. 

Liver hypertrophy following removal of the median and left lateral lobes of 
the liver is accompanied by a gradual inciease in the lethal dose of g-strophanthin. 
This increase is not directly proportional to the increase in liver weight. 

In in vitro experiments with rat blood and rat liver slices no appreciable 
destruction of g-strophanthin can be demonstrated. 

Rat liver slices combine with g-strophanthin. This combination is inhibited 
by HCN and does not occur in the absence of oxygen. 

The elimination of g-strophanthin is markedly reduced by evisceration. 

Following the infusion of g-sti ophanthin appreciable quantities of cardioactive 
material can be detected in the bile of the rat. 

In the light of previous e pciimental findings and our own data, the mechanism 
of g-strophanthin elimination has been discussed, and it is concluded that 
in the rat the hepatic route of excretion is the main route of elimination of 
g-strophanthin. 
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. Tto. 3* The appearance of a cardioactive substance in the bile of the rat following the 
intravenous infusion of g-strophnnthin. 

A. The effect of normal rat bile diluted 1:125 with Locke solution on the isolated frog 
heart. Each interval equals 15 minutes. 

B. The effect on the frog heart of rat bile diluted I :I25 with Locke solution and collected 
during the infusion of g-strophanthin into the rat. 

Time in minutes. At arrow, introduction of diluted bile into the frog heart cannula. 
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Elimination of g-strophanthin through the kidneys has been demonstrated (4); 
however, this piocess is much less important than hepatic elimination. Hatcher 
and Eggleston (4) are of the opinion that in the rabbit the elimination of cardiac 
glycosides is similar to that described for the lat. The experimental evidence 
for the rabbit is lather meager and further experiments will be necessary before 
any definite conclusions can be diawn. 

Very little is known lcgaiding the mechanism of elimination of g-strophanthin 
in the dog and cat The possibility of an hepatic elimination in our opinion has 
not been excluded. 


so mm aka 

In rats under anaesthesia, the lethal dose of g-stiophanthin is reduced by 
partial or total (functional) hepatectomy (evisceration). This reduction is pro- 
portional to the log of percentage hepatectomy. 

Liver hvpertiophy following removal of the median and left lateral lobes of 
the liver is accompanied by a gradual inciease in the lethal dose of g-strophanthin. 
This increase is not diiectly proportional to the increase in liver weight. 

In in vitro experiments with lat blood and tat liver slices no appreciable 
destruction of g-stiophanthin can be demonstrated. 

Rat livei slices combine with g-strophanthin. Tliis combination is inhibited 
by HCN and does not occur in the absence of oxygen. 

The elimination of g-strophanthin is markedly l educed by evisceration. 

Following the infusion of g-stroplianthin appreciable quantities of cardioactive 
material can be detected in the bile of the lat. 

In the light of previous e perimental findings and our own data, the mechanism 
of g-strophanthin elimination has been discussed, and it is concluded that 
in the rat the hepatic route of excietion is the main route of elimination of 
g-strophanthin. 


BIBLIOGRAPHY 

1. Ginn,J A This Jot rn al 4: 225, 1913 

2 Stbaib.AV Arch E\p Pathol u Phamiahol 84: 223,1919 

3 Hatchlr, It A Am J Phjsio! 23: 303, 1 90S- 1909 

4 Hatchlr, It V and C Enr.itsTON This Joi rnai. 12: 405, 1918-1919 

5 Hlvrm n,W and \ V Naara \rcli K\p Pathol u Pliarmakol 177:60,1935 

6 Mlhnirt, H Arch Ii\p Pathol u Pliarmakol 184: 181, 1937 

7 Glnait, II \rth K\p Pathol u Pliarmakol 188: 2S5, 1937-3S 

8 Holck, II G AND K K Iniaiira Federation Proceedings of the Am. Soc Exp Biol. 

3: 75, 1944 

9 IUssll, J A Am J Phjsiol 136:95, 1942 

10 Higgins, G M and It M Andlrson Arch Pathol 12: ISO, 1931 

11 Hata Quoted from Donaldson, II H The Rat Data AAith Reference Tables for 

the Albino Rat, Philadelphia AVistar Institute, 1924 

12 Havptstun, P Arch E\p Pathol and Pliarmakol 126: 121,1927 

13 Krlbs, H \ and K IIlnsli f it Z Phjsiol. Chcm 210:33,1932 



THE KFFEC.T OF SOME ACRIDINE COMPOUNDS ON THE GROWTH 
AND RESPIRATION OF E. C'OLI 
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Itoccixcd fur publication Xmcinber 10, 1015 

Albert and his eo-w inkers (]) made an extensive study of the antiseptic 
activity of a nunihei of amino aeiidines They have shown that theie is a good 
eoi l elation between the dissociation constant of a compound in this seiies and its 
hacteiiostalic ncli\ ity and postulate that they act ns cationic antiseptics, that i«, 
they combine with eaiboxyl gioups on essential enzyme systems in the bacteria! 
cell. Thoie have been a few othei .studies (2-1) on the bacteiiostatic action of 
\ ai ions aci idmcs but the eflcct of these di ugs on t he metabolic activity of bacteria 
lias not been in\ estimated Tluough the coni tesy of Di Albert we have obtained 
six ammo aeiidines and have studied then elTect on giouth and on the oxidation 
of ceitain substances in oidei to dcteiminc whet hoi theie is a eoiiclation between 
the two effects 

Rxi’i niMtXTM I. coll, .X.ition.il T\pc C’tillurc No 0522, was used for all t lie expert 
meats since it grows re ulilj in a s\ utlietu medium of the follow mg composition 2 0 ran 
glucose, -I Ogni N.iCl,20gm Ml.I’O.,2 Ogm (Ml.l-Hl’0,,0 2gm MgSO, per liter The 
pll w as adjusted to 7 2 and mddmm was ,ititoel.i\ ed It) minutes The grow th w is measured 
in this medium bj following the inerc.ise in density In meins of the lively u photo t olor 
imeter This method has been shown (5) to gne an ;u curate measure of grow th and the 
effect of the drugs on the light transmission e m easil) be compens ited for The metabolic 
experiments were carried out in the usual Warburg apparatus The bieteria were grown 
for 10 hours in the sMithetic medium and then centrifuged and washed once with water. 
They were then suspended in M/20 phosphate buffer either pll 7 S or G 7 and adjusted to a 
standard density This suspension with \arious concent rat ions of the drugs was put in 
the Warburg aessels and after temperature equilibrium had been obtained 2 0 mg of sub- 
strate were added from the side arm I'ne substrates were used, glucose, pyrutic acid, 
lactic acid, nspiragin and oleic and 

Fig 1 .shows the elTect of the chugs on the glow t h. The \ alues weie taken 
when the giowtli of the coniiol was half way tluough the logauthnnc phase. 
The oi (lei of actnity is the same as that found by pietious woikcrs. 3-amino- 
and 5 amino-1 ,2,3,4,totinhvdio-arndine hate veiy little effect e\en when the 
inoculum is veiy small 2 8 diammo- and 2 7 diammo-aci aline aie the most 
effective thugs at low concentrations, followed by 5 ammo and 2 diniot hy 1-7- 
amino aeiidme Fig 2 shows the effect of the size of the inoculum on the sub- 
sequent action of the .same concent ration of the drags. The two drags that me 
least effective do not show any significant change, when the inoculum is halved 
and aie still without effect when 0 1 cc of inoculum is used The inhibition hy 
2 chmethyl-7-amino aciidine when the contiol is half way tluough the loga- 
rithmic giowtli phase is 52% with 0 3 cc inoculum and 43% with 0 (> cc moc- 
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uluni. Of the three drugs that completely inhibit growth for 8 hours with 0.3 cc. 
inoculum all allow some growth beginning at about 3 hours, when the larger 
inoculum is used, but in the case of 2,8 diamino acridine the growth is negligible. 
The action of the drugs is very little affected by presence of peptone in the me- 
dium and comparatively large quantities of riboflavin fail to antagonize their 
bacteriostatic action. 



Once the order of activity on growth was established, the effect of the drugs on 
the oxidation of various substrates was tested to determine whether they acted 
in the same order and at comparable concentrations. The results are shown in 
fig 3. The drugs are numbered in the order of effectiveness on growth, i.e., No. 1 
is least effective, No. 5 most. (No. la which was actually the least effective was 
not available in sufficient amounts to use in the metabolic experiments.) The 
following generalizations can be made. No. 1, 3-amino-acridine, which is least 
effective on growth is also the least effective inhibitor of the oxidation of the sub- 



0.6 cc. INOCULUM 

CONTROL 
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Fig. 2. The effect of the size of the inoculum on the inhibition of growth by various 
acridine compounds. 0.1 mg. of each drug was added to 7.0 cc. of media. (See fig. 1 for 
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Fig. 3. The effect of 0.1 mg./cc. of various acridine compounds on the oxidation of 2.0 mg 
of each of the substrates, pH 7 -S, 37°. (See fig. 1 for key.) 
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stratcs. Nos. 3 and 5 arc consistently the best metabolic inhibitors, but as 
shown in fig. 4, which gives the results with lower concentrations of the two 
drugs, No. 3 is more effective than No. 5. Tor all substrates No. 4 inhibits less 
than No. 2. There is thus no correlation between the order of effectiveness on 
growth of these drugs, which increases from No. 1-5 and the order of effectiveness 
on oxidative metabolism of five tvpical substrates which is as follows: Nos. 1, 
4, 2, 5, 3. 

Fig. 4 also shows that the percentage inhibition in all cases decreases in acid. 
This is to be expected for cationic antiseptics and confirms Albert’s hypothesis 
concerning the mode of action of acridine compounds. It is also evident that 
the oxidations of the various substrates differ in their sensitivity to the drugs. 
This is illustrated in fig. 4 from which it is possible to make the following calcula- 
tions for No. 3, 5-amino-acridine. It inhibits growth GG% when present in a 
concentration of 0.007 mg./cc. At pH 7.S the oxidation of glucose at 3 hours in 
inhibited G0% by 0.05 mg./cc.; that of pyruvic acid, 55% by 0.025 mg./cc.; that 
of lactic acid, 88% by 0.024 mg./cc. ; that of oleic acid, 94% by 0.005 mg./cc.; and 
that of asparagin, 35% by 0.005 mg./cc. With the exception of glucose, the 
oxidation of the other substrates is effectively inhibited by’ concentrations of the 
drug which inhibit growth despite the fact that more bacteria are present in the 
Warburg vessels than are initially present in the growth tubes. 

Discussion. A drug may inhibit bacterial growth by interfering with the 
anabolic or catabolic metabolism of the cell. In the former cases growth would 
be inhibited directly, in the latter, indirectly, by' inhibiting oxidation which 
supplies the energy for the synthesis of protoplasmic constituents. In the case 
of the sulfa drugs and possibly’ also penicillin oxidations are not inhibited by con- 
centrations of the drug which are bacteriostatic. Presumably', therefore, they 
are interfering directly’ with some anabolic reactions. A number of other anti- 
septics are known to inhibit oxidations in concentrations comparable to those 
used to inhibit growth. The question arises whether their bacteriostatic action 
can be explained on this basis. It was for the purpose of answering this that 
the present study of the acridine compounds was undertaken. These compounds 
inhibit the oxidation of typical substrates in low concentrations which is pre- 
sumptive evidence that this is the mechanism by’ which they inhibit growth. 
Since, however, there is no correlation between their order of activity on growth 
and on oxidation, it is necessary’ to conclude that this mechanism is not the 
principal one by which bacteriostasis is achieved, although it may’ be an important 
subsidiary one. It is also probable that these drugs are not interfering with the 
utilization or formation of riboflavin for its addition to the medium has no effete 
on the growth inhibition. 


SUMMARY 

1) The order of activity of several acridine compounds on the growth of E. 
coli on a synthetic medium has been determined. 

2) Certain of the compounds in concentrations comparable to those that pro- 
duce bacteriostasis inhibit the oxidation of glucose, pyruvic acid, lactic acid, 
asparagin and oleic acid. 
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3) The order of activity on the oxidative reactions is, however, different from 
that on growth. 

4) Riboflavin does not antagonize the bacteriostatic action of these compounds. 
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Set oral authors have recently studied the absorption and distribution in ex- 
perimental animals of groups of sulphonamides, chosen rather for the purpose 

0 renting some chemical or physical property to pharmacological behaviour 
inn or t lcrapeutic interest (1, 2), Similar tvork has been carried out in these 

a oratories ot er a number of years, and it is hoped to present some of the results 
in a series of papers, of which this, dealing with a number of drugs in common use, 
is the first. 

Initially, in an attempt to economise in drug usage, especially where the com- 
pounds were not available in quantity, we obtained our preliminary data from 
a sorption experiments in the mouse. It soon became apparent that the blood 
concentrations attained by the same sulphonamide in different groups of mice 
lane considerably, and that large numbers of animals must be used if valid 
comparisons were to be made between drugs of closely related structure. Fur- 
ther, it was thought desirable that the technique adopted should permit statistical 
analysis of the results. Previous workers (2, 3, 4. 5. C, 7, 8, 9, 10, 11) have 
neg ected these aspects of the problem. Results have frequently been based on 
the use of G or fewer animals, and a sacrificial technique has often'been employed; 
that is, a group of animals was killed and heart blood pooled for each point on 
t ie a soiption curve (3, 5, 11). Such a technique does not give a smooth curve, 
and is unnecessary now that sulphonamides can readily be determined in 0.02 
m.o r oo . This paper presents smooth mean absorption curves of sulphanil- 
anncle, sulphapyridine, sit Iphathia zoic, sulphagunnidine, sulphadiazine, sulplia- 
mezatlnnc and sulphamerizine, which are based on at least 30 animals in each 
case. In addition the three main features of an absorption curve, the maximum 

1 ood lev el, the time at which this is attained, and the rate of disappearance from 
the blood, have been calculated and significant differences between drugs as 
regards each of these determined by statistical analvsis. The results serve as 
standards for the preliminary examination of novel drugs. 

Experimental, The techniques described arc those which have been employed 
throughout our work on sulphonamides, and they are given here in sufficient detail to avoid 
repetition in later publications. 

Three albino mice (2025 gm.l received 5 nigm. of drug 20 gm., administered by stomach 
tube as a 1% solution of the sodium salt. \\ hen the sodium salt could not be made, or was 
insufficiently soluble, a l r r solution of the hydrochloride (e.g., of sulphagunnidine and its 
derivatives), or a 1 per cent dispersion, was used. Pooled tail blood (0.02-0.04 ml.) was 
withdrawn at intervals of 0.20. 0.40, 1.00, 1.30, 2.30, 3.30, 5.00. 7.00 and 24.00 hours, and free 
drug determined therein by the micro method of Rose and Bevan (12). Animals were 
allowed to eat and drink freely before and throughout the experiment. The particular 
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dose was employed because the blood concentrations attained approximated to those 
encountered clinically. In all experiments the assumption has been made that the sub- 
stance assayed was identical with the administered drug. The validity of this assumption 
has not been checked by unequivocal analysis, but previous experience in this field has 
been that most sulphonamides are metabolised to a slight extent only, except by 
acetylation. In the present series of drugs the individual experiment was repeated 10 
times (30 mice) with sulphanilnmide, sulphapyridine, sulphatliiazole and sulphaguanidine 
and 15 times (45 mice) with each of the three sulphapyrimidines. 

Results. The mean blood concentration-time curves of the seven drugs, 
given in diagrams 1, 2 and 3, shotv obvious differences as regards blood con- 



Diagram 1 . Mean Blood Concentration/Time Curves of Sulphonamides in 
Mice Following Single Oral Doses of 5 mgm./20 grams 
A. Sulphadiazine. B. Sulphanilnmide 

centration, rate of absorption, and rate of disappearance from the blood. The 
significance of these differences has been assessed by statistical analysis. 

Smooth individual curves were drawn freehand, and the maximum blood con- 
centration and the time taken to attain this measured. Defining the rate of 
disappearance of the drag from the blood was more difficult. An arbitrary 
expression, the time (C.7) required for the blood concentration to fail from that 
attained 7 hours after dosing to two-thirds of this figure, has been adopted. In 
the case of drags which are rapidly eliminated we select for similar treatment the 
levels attained after a shorter period than 7 hours, for example 31 or 5 hours, 
giving values signified by C.3* or C.5, respectively. Comparison of drugs which 





O Z 4 b 8 IO « 14 lb IB SO ZZ 24 

Hours after Dosing . 

Diagram 2. Mean Blood Co.vcenthation/Time Curves or Sclpiionamides in 
Mice Following Single Oral Doses op 5 mgm./20 grams 
A. Sulphamcrizine. B. Sulphapyridine. C. Sulphapianidine 



Hours nsreR Oosist» . 

Diagram 3. Mean Blood Concentration/Time Curves of Sulphonamides in 
Mice Following Single Oral Doses of 5 mgm./20 grams 
A. Sulpliamezathine. B. Sulphathiazole 
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are removed from the blood stream at widely different rates is not entirely satis- 
factory but has been carried out here in order to show the technique used. A 
yalue thus obtained is of course a function of several variables, for example, 
clearance by the kidney, excretion into the intestine, and metabolism. It may 
also be affected by the continuation of absorption during part of the time of its 
measurement. However, it provides a valuable index of the retention of free 
drug in the blood following oral administration in a species that, like man, pos- 
sesses effective acetylation mechanisms; as such it has proved useful in the com- 
parison of drugs of high persistence. 

TABLE 1 


Blood levels of sulphanilamide in the mouse 
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0.5 

15.1 

75 

1.5 

9 

8.0 

10.0 

15.5 



6.7 


2.1 

0.4 

■OKI 

75 

1.8 

10 

m 

8.6 

8.8 


9.9 

8.0 


3.7 

0.3 

10.2 


2.0 

Means 

w.5 


13.2 

11.75 

9.3 

6 2 

4.0 

2.55 




1.95 

Standard deviation 



m 

Standard error of mean 

0.8 

4.2 

0.35 


The set of values from repeated experiments with a single drug gave a mean 
value whose accuracy could be estimated by statistical analysis, and which 
could be compared with the corresponding mean of another drug. Tables 1 
to 7 give the blood concentrations recorded in individual experiments, the 
characteristic values measured from individual curves, and the means of these, 
together with standard deviations from and standard errors of the means. 

Comparison of drugs. The significance of a difference between the mean 
values for a pair of compounds was determined by the usual method of the “t” 
test (13), based on the variation in the given value between the animals of the 
same group. Probability levels of 0.05 and 0.01 are regarded as significant and 
decisive, respectively. In all cases the plus and minus limits of error for a mean 
yalue correspond to the 0.05 level of probability, i.e., there is only one chance 
in twenty of the error exceeding the given limit. 

A. Speed of absorption. The time of attaining the maximum blood concen- 
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TABLE 2 


Blood levels of sulphapyridinc in the mouse 


EXIT. NO. 

LEVELS IN KCU./10Q 1TL. AITER 

MAX. 

7 M AX. 

1 

20 min. 

40 min. 





5 hr. 

7 hr. 

24 hr. 

H 











nvt.f 
100 nJ. 

ciin. 

hr. 

1 

5.2 

7.8 

7.9 

8.2 


5.7 

4.7 

5.8 


8.3 

90 

2.5 

2 

14. G 

15.0 

11.0 

12.9 

13.0 

S.l 

7.5 

7.2 

1.3 

14.0 

80 

5.4 

3 

12. G 


12.3 

17.0 

14.0 

10.9 

9.4 

8.1 

2.2 

1G.G 

65 

5.7 

4 

12.4 

13.6 

18.0 

1G.2 

14.1 

11.0 

7.7 

G.5 

1.9 

1G.5 

G5 

G.l 

5 

G.8 

G.G 

7.4 

7.2 


G.O 

4.8 

2.0 

1.0 

7.7 

60 

3.0 

G 

5.G 

G.3 

7.1 

5.2 


G.l 



1.5 

7.1 

SO 

G.6 

7 

11.4 

15.9 

13.4 

11.1 


5.4 


3.4 

0.4 

15. S 

35 

2.G 

8 

5.1 

6.7 

7.7 

10.0 

G.O 

5.S 

EH 

1.8 

0.2 

7.S 

75 

2.3 

9 

G.O 

13.2 

11.8 

8.4 

ESI 

G.O 

G.l 

4.3 

0.7 

13.3 

30 

4.2 

10 

9.G 

12.7 

14.3 



9.4 

m 

4.0 

0.5 

13.2 

40 

3.0 

Means. . . 

S.9 

10.9 

11.1 


9.65 



4.8 

1.1 

12.0 

G3 

4.15 

Standard deviation . . 

3.9 

20.7 

BS 











mm 

Standard error of mean 

m 

6.9 

0.55 


TABLE 3 


Blood levels of sulphathiazolc in the mouse 


EXIT. NO. 

LEVELS IN it CM. /1 00 JO. ATTER 


T MAX. 

cs 

20 min. 

40 min. 

1 hr. 

11 hr. 

2J hr. 

31 hr. 

5 hr. 

7 hr. 

24 hr. 














mffrt./ 
100 ml. 

min. 

hr. 

l 

4.4 


7.0 

2.9 

5.5 

4.7 

2.8 

2.1 

0 

7.2 

70 

2.0 

2 

10.8 


6.0 

2.9 

1.5 

1.4 

0.2 


0 

10.S 

20 

0.7 

3 

3.3 

4.0 

4.7 

2.9 

1.4 

0.6 

0.7 

0.5 

0 

4.1 

30 

0.7 

4 

13.8 

11.1 

8.7 

5.3 

2.1 

1.7 

0.9 

0.8 

0.2 

14.0 

10 

1.7 

5 

20.9 

17.5 

10.7 

5.3 

2.3 


0.5 

0.5 

0.1 

21.2 

10 


6 

10.8 

10.3 


6.1 

2.0 


1.3 

0.1 

0.2 

10.9 

15 


7 

7.4 



4.9 

1.8 


0.6 

0.2 

0 

7.8 

30 

ill 

8 

10.8 


8.4 

5.7 

2.7 

1.4 

2.0 

1.0 

0.4 

10.9 

10 

m 

9 

8.3 



3.8 

1.1 

0.7 

0.5 

0 

0 

8.5 

10 

i.i 

10 

7.0 

6.8 


4.3 

l.G 

o.s 

0.6 

0 

0 

7.0 

25 

0.5 

Means. . . 




4.4 

2.2 

1.5 

1.0 

0.5 

0.1 

10.2 

23 

' 

1.0 


m 

10.8 

0.5 













Standard error of mean 

1.6 

3.6 

0.2 


tration is regarded as the criterion of speed of absorption. In the following 
series drugs are arranged in order of decreasing speed of absorption, the times 
in minutes at which maximum concentrations were attained and limits of error 
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TABLE 4 


Blood levels of sulphaguanidinc in the mouse 


EXPT. NO- 

BLOOD LEVELS IN MGM./l 00 ML. AFTER 

MAX. 

T MAX. 

cs 

20 min. 

40 min. 

1 hr. | 

hr. 

21 hr. 

31 hr. 

5 hr. 

7 hr. 

24 hr. 











mjm./ 

100 ml. 

min. 

Am. * 

l 

3.4 

3.9 


2.6 

1.0 

1.6 

0.6 

0.2 

0 

3.6 

40 

0.8 

2 

2.9 

5.0 

4.6 

4.9 

2.7 

1.6 

0.6 

0.3 

0 

5.2 

70 

1.8 

3 

3.7 

4.2 


3.1 

2.0 

1.4 

0.7 

0.7 

0.7 

4.4 

50 

3.0 

4 

4.0 

5.8 


3.7 


2.5 

0 

0 

0 

5.9 

50 


5 

4.8 

4.3 

4.8 

2.8 


0.9 

0.3 

0 

0 

4.7 

40 

0.5 

6 


2.9 

1.7 

1.1 

0.5 

0.5 

0.3 

0.2 

0 

5.7 

15 

2 0 

7 

Bb3 

2.6 

2.9 

2.7 

2.5 

1.0 

0.6 

0.5 

0.1 

3.0 

70 

2 0 

S 

2:8 

2.6 

2.9 

2.6 

1.4 

1.2 

0.9 

O.S 

0.3 

2.9 

60 

2 8 

9 

1.7 

3.8 

4.2 

3.8 

3.1 

1.5 

1.5 

O.S 

0.5 

4.2 

60 

2.1 

10 

2.9 

3.2 

3.1 

3.4 

1.8 

1.3 


1.7 

0.5 

3.2 

40 

4.5 

Means . . 

3.3 

3.8 

3.7 

3.1 

2.0 

1.35 


0.5 

0.2 

4.3 

50 

2.2 

Standard dev 









1.1 

16.8 

■M 









Standard error of mean 

0.4 




TABLE 5 

Blood levels of sulphamezalhine in the mouse 


BLOOD LEVELS IN UCM./100 ML, AFTER 



391 

n 

SSSi 

031 

E331 



31 

24 hr. 














mim.f 
100 ml. 

min. 

fir. 

i 

7.8 

12.6 

14.0 

11.5 

12.2 

9.7 

6.1 

4.0 

EH 

14.2 

40 

2.5 

2 

12.4 

18.2 

21.0 

23.0 

21.0 

15.2 

13.1 

7.3 

1.4 

23.1 

100 

3.0 

3 

9.4 


13.6 

13.4 

12.7 

12.2 

S.5 

7.7 

2.2 

13.3 

100 

6.5 

4 


13.8 

11.1 

12.9 


jPIili 

7.8 

7.0 

0.9 

14.2 

30 

5.0 

5 


17.9 

19.9 

IS. 4 

10.4 

7.4 

6.5 

5.9 

0 

19.9 

60 

4.0 

6 

15.8 

27.2 

24.0 

21.2 

19.2 

14.6 

15.2 

MHWm 


21.9 

40 

5.3 

7 

12.6 

16.6 

20.2 

27.5 

IS. 2 

15.2 

10.6 

8.3 


20.8 

90 

3.7 

8 

14.7 

18.0 

18.2 

g'lilPl 

13.6 

11.4 

6.0 

4.5 

0 

18.2 

50 

2.5 

9 

13.8 

20.3 

18.2 

21.4 

14.7 

11.5 



0.8 

20.0 

70 

3.4 

10 

lEiWil 

24.7 

:E®S 

21.9 

15.6 

12.8 




22.2 

60 

4.5 

a 

18.9 

24.9 

22.7 

EcXX 

18.7 

15.5 




22.7 

60 

2.3 

12 

12.7 

12.7 

16.3 

14.2 

10.9 

11.7 

9.8 

S.6 

O.S 

14.6 

70 

5.0 

13 

8.9 

S.2 

13.9 

12.4 

Elia 

9.7 

9.4 

SZ3 

1.0 

12.5 

90 

5.0 

14 

13.3 

1C. 2 

18.0 

Koa 

i 15.4 

14.0 

12.5 

11.4 



50 

4.8 

15 

13.6 

16.7 

17.6 

17.5 


13.3 


S.7 


17.6 

SO 

5.2 

Means. - 

13.7 

17.7 

B 

a 


12.3 

9.4 

7.4 

(QH 

18.1 

65 

4.2 

Standard deviation 








3.7 

22.3 



_ 










Standard error of mean 

0.95 

5.S 





— 









C7 




































































268 


F. L. ROSE AND A. SPINKS 


TABLE 2 

Blood levels of sulphapyridinc in the mouic 


SXIT.t'O. ! 

levels is weir /100 in., ajtt* 

lfAX. 

T VAX. 

c? 

20 mm 

40 mm 

1 hr. | 



3$ hr. 1 

5 hr. 

2 hr. 

24 hr. 







! 

■ 

■ 





m{rt l 

100 rtl. 


hr. 

I 

5.2 

7.8 

7.9 

Kfl 

KB 

5.7 

4.7 

5.8 


S.3 

90 

2.5 

2 

14. G 

15.0 

11.0 

HI 

m 1 

S.l 

7.5 

7.2 

1.3 

14.0 

SO 

5.4 

3 

12.0 


12.3 

[ 17.0 

14.0 

10.9 

9.4 

8.1 

2.2 

16.6 

65 

5.7 

4 

12.4 

13.0 

BTiWil 

I 1G.2 

1 14.1 

11.0 

7.7 

6.5 

1.9 

1C. 5 

65 

6.1 

5 

G.8 

G.G 

7.4 


7.G 

6.9 

4.8 

2.0 

1.0 

7.7 

60 

3.0 

G 

5.G 

6.3 

7.1 


6.4 

6.1 

4.3 


1.5 

7.1 

SO 

6.6 

7 

11.4 

15.9 

13.4 


8.G 

5.4 


3.4 

0.4 

15.8 

35 

2.6 

8 

5.1 

G.7 

7.7 


6.0 

5.S 


l.S 

0.2 

1 7.S 

75 

; 2 .3 

9 ! 

G.O 

13.2 

11.8 

S.4 

7.4 

6.9 


4.3 

0.7 

13.3 

30 

1 4,2 

10 

9.G 

12.7 

14 3 


10.1 

9.4 


4.0 

0.5 

13.2 

40 

[3.0 

Means ^ 





9.65 

I 7 ‘ 6 

1 5 -° ! 

□ 

m 

12.0 

63 

! 4.15 

Standard deviation 

m 

20.7 

1.7 

Standard error of mean 


6.9 

i 0.55 


TABLE 3 

Blood levels of sulphathiaeolc in the mouse 


EXIT. NO. 

LEVELS IN UCU./100 ML. A ITER 

UAX. 

TIUX. 

C5 

20 mm. 



11 hr. 

21 hr. 

3Jhr. 

5 hr. 

7 hr. 

24 hr. 














non / 
100 ttu. 

min. 

hr. 

l 

4.4 


7 0 

2.9 

5.5 

4.7 

2.S 

2.1 

0 


70 

2.0 

2 

10.8 


6.0 

2.9 

1.5 

1 4 

0.2 


0 



0.7 

3 

3.3 

4.0 

4 7 

2.9 

1 4 

0.6 

0.7 

0.5 

0 

EH 

ms 

0.7 

4 

13.8 

n.i 

8.7 

5.3 

2.1 

1.7 

0.9 

O.S 

0.2 

14.0 

EUS 

1.7 

5 

20.9 

17.5 

10 7 

5.3 

2.3 

0 8 

0.5 

0 5 

0.1 

21.2 


Hi 

6 

10.8 

10.3 

7.6 

6.1 

2.0 

2.0 

1.3 

0.1 

0 2 

10.9 

15 

ESI 

7 

7.4 

7.7 

6.S 

4 9 

1.8 

0 5 

0.6 

0.2 

0 

7.8 

EE« 

m 

8 

10.8 

9.5 

8.4 

5.7 

2.7 

1.4 

2.0 

1.0 

0.4 

10.9 

10 

na 

9 

S.3 

7.2 

4 2 

3.8 

1 1 

0.7 

0.5 

0 

0 

S.5 

10 

1.1 

10 

7.0 

6 8 

4.9 

4 3 

1.6 


0 6 

0 

0 

7.0 

25 

0.5 

Means 

9.75 

8.65 

6.9 

4.4 

2.2 

1.5 

1.0 

0.5 

0.1 

10 2 

23 

1.0 

Standard deviation 




... 





Ka 

10.8 

0.5 

Standard error of mean . 

1 6 

3.6 

0.2 


tration is regarded as the criterion of speed of absorption. In the following 
series drugs are arranged in order of decreasing speed of absorption, the times 
in minutes at -which maximum concentrations were attained and limits of error 





































































ABSORPTION' OF SCLPHON'AMIDES IN' MICE 


2G9 


TABLE 4 


Blood levels of sulphaguanidinc in the mouse 



BLOOD LEVELS IN UCM./10Q ML. ATTER 

VAX. 

TMAX. 

C5 


20 min. 

40 min. 

1 hr. 

2} hr. 

2i hr. 

3} hr. 

5 hr. 

7 hr. 

24 hr. 














msm./ 
100 ml. 

min. 

hrj. * 

1 

3.4 

3.9 

2.S 

2.6 

1.5 

1.6 

fa 

0.2 

0 

3.6 

40 

0.8 

2 

2.9 

5.0 

4.6 

4.9 

2.7 

1.6 

in 

0.3 

0 

5.2 

70 

1.8 

3 

3.7 

4.2 

4.7 

3.1 

2.0 

1.4 

0.7 

0.7 

0.7 

4.4 

50 

3.0 

4 

4.0 

5.8 

5.6 

3.7 

2.5 

2.5 

0 

0 

0 

5.9 

50 


5 

4.8 

4.3 

4.8 

2.8 

2.1 

0.9 

0.3 

0 

0 

4.7 

40 

0.5 

6 

5.7 

2.9 

KQ 

1.1 

0.5 

0.5 

0.3 

0.2 

0 

5.7 

15 

2 0 

7 

1.5 

2.6 

■J A. 

2.7 

2.5 

1.0 

0.6 

0.5 

0.1 

3.0 

70 

2 0 

s 

2:8 

2.6 

WF"1& 

2.6 

1.4 

1.2 

0.9 

O.S 

0.2 


60 

2 8 

9 

1.7 

3.S 

HI 

3.8 

3.1 

1.5 

1.5 

0.8 

0.5 


60 

2.1 

10 

2.9 

3.2 

3.1 

3.4 

1.8 

1.3 


1.7 

0.5 


40 

4.5 

Means... 

3.3 

3.8 


IE 


1.35 


0.5 

0.2 

4.3 

50 

2.2 


m 

16.8 

mm 












0.4 














TABLE 5 


Blood levels of sulphamczalhine in the mouse 



BLOOD LEVELS IN MCM./100 ML. AFTER 

MAX. 

X MAX. 

C7 


20 min. 

40 min. 1 

1 hr. 


2 \ hr. 

3} hr. 

5 hr. 

7 hr. 

24 hr. 











mgm./ 
100 ml. 

min . 

hr. 

i 

7.8 

12.6 

14.0 

11.5 

12.2 

9.7 

6.1 

4.0 

0.4 

14.2 

40 

2.5 

2 

12.4 

18.2 

21.0 

23.0 


15.2 

13.1 

7.3 

1.4 

23.1 

100 

3.0 

3 

9.4 


13.6 

13.4 

12.7 

12.2 

8.5 

7.7 

2.2 

13.3 

100 

6.5 

4 

ESil 

13.8 

11.1 

12.9 


IWIil 

7.S 


0.9 

14.2 

30 

5.0 

5 

20.5 

17.9 

19.9 

18.4 

10.4 

7.4 

6.5 


0 

19.9 

60 

4.0 

6 

15.8 

27.2 

24.0 

21.2 

19.2 

14.6 

15.2 

10.3 

2.6 

21.9 

40 

5.3 

7 

12.6 

16.6 

20.2 

27.5 

IS. 2 

15.2 

10.6 

S.3 

0.4 

20.8 

90 

3.7 

s 

14.7 

■gOI 

18.2 

■Tgpl 

13.6 

11.4 

6.0 

4.5 

0 

18.2 

50 

2.5 

9 

13. S 


18.2 

21.4 

14.7 

11.5 





70 

3.4 

10 

iBgflUfl 

24.7 

21.0 

21.9 

15.6 

12.8 





60 

4.5 

11 

18.9 

24.9 

22.7 


18.7 

15.5 


5.S 


22.7 

60 

2.3 

12 

12.7 

12.7 

16.3 

14.2 


11.7 

9.8 

S.6 


14.6 

70 

5.0 

13 

8.9 

8.2 

13.9 

12,4 


9.7 

9.4 

7.0 

1.0 

12.5 

90 

5.0 

14 

13.3 

16.2 

l»mti 


15.4 

14.0 

12.5 

11.4 


17.0 

50 

4.8 

15 

13.6 

16.7 

| 17.6 

17.5 


13.3 


S.7 


17.6 

80 

5.2 

Means. . 

13.7 

17.7 

B 

1S.0 


12.3 

9.4 

7.4 


18.1 

65 

4.2 

Standard deviation 








3 7 

22.3 

g| 









Standard error of mean. . . . 

Ha 

H 

5.S 
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of these being given. Significant differences between adjacent compounds in 
the series are indicated by the interpolation between them of “s” (significant) 
or “d” (decisive). 

Sulphntliiazole 23 ± S.O. (d); sulphaguanidine 50 ± 11.9; sulphapyridine 
03 ± 14.7; sulphnmezathine 05 ± 12.4; sulphanilamide 70 ± 9.2 (d); sulpha- 
inerizine 115 ± 17.3 (d) ; sulphadiazine 105 ± 30.5. 

The difference between sulphaguanidine and sulpliamezathinc is not significant 
(p = 0.0S), that between the former and sulphanilamide is decisive. 


TABLE 6 


Blood levels of sulphamerizine in the mouse 





BLOOD LEVELS C* UCV./100 WL. AITtK 





C7 

txrt. j»o. 










UAX. 

T MAX. 

20 min. 1 

40 min. 

1 hr. 

llhr. 

2} hr. 

3§ hr. 

5 hr. 












mu 

b 

ntrt./ 
100 rd. 

min. 

if. 

i 

9.S 

13.5 

15.0 

11.7 

12.8 

13.5 

11.0 


■Jr'S 

13.3 

140 

10.3 

2 

12.3 

18.8 

12.5 

13.8 

13.6 

10.2 

10.3 



14.0 

90 

4.3 

3 

10.0 


26.4 

19.4 

16.9 

16.7 

14.2 

13.0 

4.1 

1S.S 

90 

7.3 

4 

12.8 

16.6 

14.0 

15.3 

15.0 

17. S 

11.4 

9.3 

3.9 

15.6 

100 

5.7 

5 

11.2 

15.5 

20.0 

15.0 

16.4 

13.0 

10.4 

11.1 

ESI 

17.6 

90 

5.2 

6 

14.7 

17.7 

, 20.0 

20.0 

i 15.8 

13.4 

12.6 

14.8 


20.4 

70 

7.7 

7 

12.6 

14.1 

17.3 

15.0 

[ 14.4 

13.8 

13.7 

11.7 

■33 

15.8 

90 

9.0 

8 

8.6 

11.0 

11.3 

14.0 

17.0 

15.6 

13.6 

11.1 

4.1 

16.8 

150 

7.7 

9 

9.6 

10.8 

12.2 

15.5 

16.1 

14.6 

13.4 

11.4 

3.4 

16.4 

120 

7.0 

10 

16.2 

16.3 

15.2 

19.0 

18.0 

15.3 

12.4 

10.9 

5.3 

19.4 

90 

8.5 

11 

15.0 

17.6 

20.5 

16.6 

16.1 

17.4 

15.6 

12.4 

4.7 

19.5 

120 

5.S 

12 

18.6 

18.7 

17.7 

20 0 


16.8 

20.0 

19.0 

8.3 

20.7 

ISO 

9.5 

13 

14.0 

18.2 

16.6 

19.4 

17.0 

18.9 

2S.5 

17.0 

6.9 

19.6 

110 

9.5 

14 

16.2 

16.2 

16.2 

20.5 

EO 

18.0 

16.5 

17.2 

3.9 

IS. 3 

150 

6.9 

15 

14.3 

17.4 

18.3 

23.5 

22.5 

22.0 

20.0 

18.2 

3.9 

22.5 

150 


Means. . 

13.5 

15.9 

16 9 

17.2 

16.7 

15.8 

14.9 

13.2 

4.6 

17.9 

115 


Standard deviation 

2.6 

31.6 


Standard error of mean 

0.7 

8.2 

0.45 


B. Maximum blood concentrations. The series of decreasing maximum blood 
concentration is given below. All concentrations are in mgm./lOO ml. 

Sulphamezathine 18.1 ± 2.0; sulphamerizine 17.9 ± 1.4; sulphadiazine 17.8 
±1.2 (d) ; sulphanilamide 12.9 ± 1.7; sulphapyridine 12.0 ± 2.9; sulphathiazole 
10.2 ± 3.6 (d) ; sulphaguanidine 4.3 ± 0.8. 

The difference between sulphanilamide and sulphathiazole is not significant 
(p = 0.12). 

C. Rates of disappearance from the blood (values of (7). The series of decreasing 
persistence is as follows. Values of C are in hours. 

Sulphamerizine 7.4 ± 0.95; sulphadiazine 6.5 ± 0.5 (d); sulphamezathine 4.2 
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± 0.G5; sulphapyridine 4.15 ± 1.2 (d); sulphaguanidine 2.2 db 0.85; sulphanil- 
amide 1.95 ± 0.75 (s); sulphathiazole 1.0 ± 0.35. 

The difference between sulphamerizine and sulphadiazine is not quite sig- 
nificant (p = 0.055). 

Discussion*. Data on the absorption of all of these drugs in the mouse have 
previously appeared (3, 4, 5, 6, 7, S, 9, 10, 11) but they had not always been ex- 
amined br r a standard technique nor in sufficient detail. Comparison of the 
present results with those of other workers shows certain differences, particularly 
in the magnitude of the blood concentrations recorded (cf. 11). In general, 

TABLE 7 


Blood levels of sulphadiazine in the mouse 


EXPT. NO. 1 

BJCOOD LEVELS IN llCiL/100 ML. AITEE 

MAX. 

T MAX. 

C7 

20 min. 

40 min. 

1 far. 

1§ hr. 

2} hr. 

hr. 

5 hr. 

7 hr. 

24 hr. 















min. 

hr. 

l 

10.5 

n.i 

14.3 

11.6 

14. S 

12.7 


15.2 


14.0 

240 

7.7 

2 

9.6 

11.6 

11.3 

11.8 

12.4 

15.4 

13.8 

13.3 


14.0 

250 

6.6 

3 

8.8 

10.8 

14.3 

15.2 

13.4 

15.7 

14.3 

17.3 


16.1 

160 

7.3 

4 

12.0 

14.0 

teMsWil 

14 6 

15.6 

13.9 

13.1 

11.4 

1.7 

16.4 

100 

4.7 

5 

12.6 


16.1 

17.9 

KilEl 

18.0 

14.8 

13.9 

0 

18.8 

150 

4.7 

6 

12.6 

14.1 

15.8 


19.5 

19.2 

15.3 

12.9 

1.3 

19.6 

170 

5.1 

7 

13.2 

15.4 

17 8 


14.0 

12.4 

9.7 

8.3 


18.0 

80 

7.2 

8 

15.5 

18.2 

19.6 

21.5 

19.6 

17.7 

14.6 

13.8 


20.0 

100 

6.6 

9 

16.0 

15.1 

17.3 


19 2 

23.5 

16.7 

18.8 


19.2 

150 

5,9 

10 

9.8 

13.4 

15.5 


13.4 

21.0 

18.4 

13.5 


16.8 

ISO 

6.3 

11 

13.1 

19.9 

30.0 


24.2 

16.2 

23.0 

12.8 

2.9 

20.8 

120 

6.6 

12 . 

10.0 

12.6 

15.0 

1 9.6 

22.0 

19.0 

21.0 

19.6 

3.5 

19.2 

240 

7.0 

13 

7.8 

14.6 

Ki®l 

ESj 

16.3 

22.7 

17.8 

IS. 8 

3.5 

19.4 

230 

7.2 

14 

13 8 

15.6 

7.3 

13.9 

iron 


14.3 

17.4 

1.5 

16.6 

120 

5.S 

15 

16.0 

18.4 

15.7 

14 4 

mi 



15.6 

3.3 


180 

7.3 

Means 

B 

m 

16.4 

17.2 



16.1 

14.8 

2.3 

17. S 

165 

6.4 

Standard deviation 

D 

55.6 

1.0 

Standard error of mean 



0.3 


however, earlier findings are confirmed, particularly as regards the marked su- 
periority in absorption properties of the three sulphapyrimidines. All give 
high blood concentrations and are very persistent, and sulphamezatbine is rapidly 
absorbed. Among other drugs the poor absorption of sulphaguanidine and the 
poor persistence of sulphathiazole are noteworthy. 


The authors thank Miss E. France for technical assistance. 
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In a previous publication (1) it was shown that various sulfanilamides are very 
effective in suppressing parasitemia in lophurae malaria of ducks; that optimal 
therapy depends upon the maintenance of more or less constant blood concen- 
trations of these drugs; and, finally, that p-aminobenzoic acid has an antagonistic 
effect on sulfanilamides in P. lophurae as has been reported by Seeler and his 
associates (2) and by Maier and Riley (3) for P. gallinaceum. The complete 
inactivity, reported by other investigators, of sulfanilamides against relictum 
and cathemerium malaria in the canary was considered by us as possibly due not 
only to species differences in parasite susceptibility but also to the use of single 
daily doses of these drugs instead of the maintenance of continuous blood 
concentrations. 

In the present communication data are presented to show 1) that the maximum 
reduction of parasitemia that can be obtained on the sixth day with the sulfa- 
nilamides is a reduction from 70 per cent to 1 to 2 per cent cells parasitized and 
elevation of drug dosage beyond this point yields no further drop in parasitemia, 2 
2) that the sulfanilamides act much more slowly than quinine in lophurae malaria 
in ducks, 3) that the sulfanilamides in general clinical use are much more active 
in lophurae than in cathemerium malaria in the duck, and 4) that certain halogen 
substituted sulfanilanilides appear to differ from other sulfanilamides in their 
mode of action. 

Methods. These were in the main similar to those described in our previous communi- 
cation (1). For the lophurae infection, the dose of infected blood was 100 X 10 6 parasitized 
cells per bird, giving a peak of parasitemia on the sixth day, except that in certain experi- 
ments the dose was decreased to give a peak on the tenth day. For the cathemerium infec- 
tion a dose of 50 X 10 6 parasitized cells per bird was used and this gave a peak on the fourth 
or fifth day. 3 * * White Pekin ducklings, two weeks old, and weighing about 100 grams were 

1 This investigation was done under a contract recommended by the Committee on 
Medical Research between the Office of Scientific Research and Development and The 
Johns Hopkins University. The experiments described in this paper were completed early 
in 1043. Security reasons first and later pressure of important war work prevented their 
preparation for publication. 

2 Since the experiments described in this paper were completed, further experience with 
sulfadiazine in lophurae malaria of the duck has indicated that a decrease of infecting dose 
from 100 to 50 X 10* parasitized cells may decrease parasitemia on the sixth day from 1 to 
2 per cent to less than 0.5 per cent cells parasitized. This would tend to indicate that the 
dosage of infecting parasites may have an effect on the degree of action of sulfadiazine. 
Under the conditions of our experiments sulfadiazine acts more slowly than quinine and 
unlike quinine fails to reduce the parasitemia to a very low value on the sixth day. 

3 1\e wish to thank Dr. Fruma Wolfs on for furnishing us with P. caihemerium (Strain 

3T) which had been repeatedly passed in ducks. 
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used in nil experiments. The drug-diet method with n six-hour light-dark cycle was used 
for treatment. In all cases drug-diet treatment was started twenty-four hours before 
infection. Drug activity was measured in terms of reduction in percent of cells parasitized 
(% C.P.) at a time when infection in untreated birds was at or near the peak. In counting 

TABLE 1 


Comparison 0 } speed and degree of antimalanal action of sulfadiazine and quinine 


OSLO 

CM DRLG 
TZ R 100 

EST1- 

VlATFD 

ELAOD 

Geometric mean or % C. P. on day 

NUMBER 
EC CCS 


CM DIET 

INTACT 


1 

2 

! 

3 

< 

5 

6 




n r /*r / 
day 



! 






Sulfadinzine 

2/10 

soo 

wife 

0.9 

4 

s 

7 

4 

3 

3 


1/10 

400 

V 

0.7 

4 

8 

7 

6 

1 

10 


Wmm 

200 

• ■ 

0.9 

6 

9 

8 

6 

2 

10 



100 

WWM 

0.9 

4 

9 

9 

5 

2 

10 



50 

o.s 

0.7 

5 

S 

9 

S 

3 

10 


1/160 

23 


0.9 

G 

8 

8 


7 

10 

Quinine 

1/20 

1G0 


0.G 

0.3 

Ml 

0.05 

0.04 

0.02 

5 


1/10 

SO 


O.S 

0.7 

Bid 

0.5 

0.2 

0.05 

5 


1/S0 

40 


fill 

3 

m 

15 

20 

20 

5 

Controls 




a 

5 

I 

30 

50 

70 

12 


Infection: P. lophurac, 100 X 10 s parasitized cells per duck. 
Duration of drug-diet therapy: G days. 

% C.P. = Per cent of Red Blood Cells Parasitized. 


TABLE 2 

Proportion of altered parasites 


SULFADIAZINE CM 
TER 100 CM DIET 

BLOOD COSC 

GEOMETRIC MEAN OT % C V 
ON DA\ 


PERCENTAGE 

• 

NUMBER 

DUCES 



6 

7 

G 

A 

AA 


8/10 

ms % 

21 

4 

0 

22 

15 

63 

s 

1/10 

3 4 

2 

1 

31 

5 

64 

7 

1/80 

0 5 

4 

3 

29 

51 

20 

7 

Controls 


70 j 

so 




5 


Infection. P lophurac, 100 X 10' parasitized cells per duck. 

Duration of Therapy G days 

* Percentage of Kind of parasite present on 7th day 
G = Gametocytes 

A = Asexual forms of normal appearance 

AA = Asexual forms of abnormal appearance (\ acuolization or complete lack of differ- 
ential staining). 

parasitized cells, the number of red blood cells examined xaned lnx'erselv with the degree 
of parasitemia between the limits of 200 cells for 1% C P and greater and 10,000 cells for 

0 01% CP . , 

Since the degree of parasitization of different individuals within a group of birds some- 
times xaries widely, the geometric mean of the indix-idual values rather than their nrith- 
111 c trie mean was used as a measure of the degree of parasitization of the group. The use 
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of the geometric mean to represent the response of a group of parasitized ducks to an anti- 
malarial drug has been justified by an analysis of the individual responses to three different 
doses of quinine of three groups of parasitized ducks containing more than 250 members in 
each group. In each of these three groups it was found that a normal distribution curve 
was obtained when the percentage of cells parasitized in the different members of the group 
was plotted on a logarithmic scale. When plotted on an arithmetric scale the same data 
yielded a skewed distribution. 


TABLE 3 


Correlation between dosage and parasitemia on 6th day after end of therapy 


SCITADtAZINE CM. PEE 

BLOOD conc. 

ceometeic mean or % C iP. on day 

NUMBER ducks 


6 

11 


8/10 

m-Va 

17.2 

i 

0.03 

3 

2/10 

8.4 

2 

0.2 

3 

1/40 

0.9 

5 

1 

3 

1/80 

0.4 

3 

10 

3 

Controls 


60 


3 


Infection: P. lophurae , 100 X 10* parasitized cells per duck. 
Duration of Therapy: 6 days. 


TABLE 4 

Viability of parasitized cells after 6 days exposure to sulfadiazine in vivo 


DUCK NO. 

SULFADIAZINE 

cu. per too cm 

DIET 

BLOOD 

CONC. 

% C.P. 

ON DAY 


% C.P. IN SUB INOCULATED DUCKS ON DAY 

6 

7 

6 

10 

1 14 

17 











33 IV 

8/10 

24 

2 

1 

I & . 


0.04 

10 

Dead 

33 B 

8/10 

! 20 I 

4 

2 1 

2 

0.5 

0.8 


90 

31 B 

1/10 


0.9 

1 , 


2 

60 

! Dead 


31 Y 

1/10 


i 

2 

•- C O 

ri O 

2 

80 

1 Dead 


32 W 

1/80 

0.4 

3 

2 

3-g X 

10 

Dead 



32 B 

1/SO 

0.4 

3 

1 

2-5S 

10 

90 

Dead 


29 B 

Control 


70 

SO* 

3-g 1 

60 

Dead 



29 Y 

Control 


70 

SO* 

3 a 
zn o 

SO 

Dead 




Infection: P. lophurae , 100 X 10 6 parasitized cells per duck. 
Duration of Therapy: 6 days. 

* 20 mg. % of sulfadiazine added at time of subinoculation. 


In the present series of experiments, quinine was used as a reference standard and ac- 
tivity w'as evaluated in terms of the minimal amount of drug required to produce a signifi- 
cant reduction in parasitemia. The ratio of minimal effective dose of quinine to minimal 
effective dose of test drug was used to express relative activity, and is referred to as the 
quinine equivalent (4). 

Results. The characteristic failure of sulfanilamide derivatives to reduce 
the parasitemia below 1-2% C.P., regardless of dosage, when an infection of 
100 X 10 6 parasitized cells with a sixth day peak is used, is illustrated for sulfa- 
diazine in tables 1 and 2. This is in sharp contrast to the effect obtained with 
quinine (table 1). 
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Since the parasites in sulfadiazine treated birds appeared to be abnormal, the 
percentage of altered parasites at three dosage levels was determined (table 2). 
Any parasite which showed vacuolization or complete loss of differential staining 
was considered to be abnormal. It is evident that morphological alteration of 
parasites is more frequent with high doses than with the low dose. 

In order to investigate the possibility that the altered parasites were non- 
viable, counts were made at the end of treatment on the sixth day and again on 
the eleventh day. These results (table 3), showing on the eleventh day, a graded 
effect with dosage, suggest that the altered forms present on the sixth day were 
non-viable. Direct evidence indicating non-viability of altered parasites was 
obtained in the experiment summarized in table 4. In this experiment, the 
infections resulting from subinoculations made on the seventh day indicate that 

TABLE 5 


Antimalarial action of sulfadiazine and quinine on a sloichj developing infection 


Dire 

CM. Dice TCI 100 CM. DIET 

GEOMETRIC MEAN Of ^ CJ*. 

os 10 th d\y 

XCMBEl Of DCCXS 

Sulfadiazine 

1/40 

0.01 

5 


1/S0 

0.01 

4 


1/100 

1 

5 


1/320 

15 

5 


1/640 

40 

5 


1/12S0 

SO 

4 

Quinine 

1/40 

0.01 

5 


1/S0 

0.2 

5 


1/160 

70 

5 


1/320 

70 

4 


1/640 

70 

5 


Infection: P. lophurac, 1 X 10* parasitized cells per duck. 
Duration of Therapy: 10 days. 


the viability (infectivity) of the residual parasites is inversely related to the drug 
concentration to which the parasites had been exposed during the six-day treat- 
ment period. 

When the infecting dose of parasites is reduced so that the peak of para- 
sitemia occurs on the tenth day (table 5) sulfadiazine reduces the parasitemia 
below the 1 to 2 per cent limit observed with the sixth day peak infection and a 
graded effect is obtained, as with quinine. 

It is evident from table 1 that the failure to obtain graded responses with high 
doses of sulfadiazine is not due to lack of absorption since the blood concentra- 
tions obtained are more or less proportional to dose. In addition, table 1 shows 
that the action of sulfadiazine is much slower than that of quinine as judged by 
the effect on parasitemia. Thus, quinine in effective dosage arrested multi- 
plication of parasites rapidly since the number of parasitized cells declined from 
the first day on, while sulfadiazine in all doses permitted multiplication at the 
same rate as the controls through the first three days. Since P. lophurac has 
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about a 36-hour cycle (5), the first new generation of parasites, 36-72 hours after 
the inoculation of the birds, must have been essentially normal, but development 
of the succeeding generation, 72—108 hours after inoculation, was impaired as 
shown by the fourth and fifth day counts. 

The finding by Wolfson (6) that satisfactory experimental infections with 
P, calhemerium could be produced in the duck made possible the comparison of 
the action of the same drug in the same host on two species of avian malaria. 
Under these conditions any difference in activity can be ascribed to species 
difference in susceptibility of parasites. Table 6 summarized the relatiye activ- 
ities of suffanilamides against the two species of parasites/ It is evident from the 
quinine equivalents that suffanilamides in clinical use have activity of the order 
of quinine in lophurae but relatively little aqtivity in cathemerium malaria. 

TABLE 6 


Quinine equivalents of sulfanilamides in malaria in the duel 


DRUG 

QUININE EQUIVALENT 

Lophurae 

Cathemerium 

Sulfadiazine 

2 


Sulamerazine 

1 


Sulfapyrazine 

4 

■ Skm / 

Sulfaguanidine 

1/2 

<1/16 

3',5’-Dibromosulfanilanilide 

1/4 

1/2 

3' , 5'-Dicblorosulf amlanilide 

1/4 

1/2 


Infection- P. lophurae, 100 X 10' parasitized cells per duck. 

Duration of Therapy: 6 days. 

Infection P. calhemerium, 50 X 10' parasitized cells per duck. 

Duration of Therapy: 5 days. 

Of considerable interest is the finding that two halogenated suffanilanilides 
are fully as active on cathemeiium as on lophurae malaria. In view of these 
findings which suggest a mode of action diffeient from that of the ordinary’ sulfa- 
nilamides, the antagonistic action of p-aminobenzoic acid on these compounds 
and on sulfadiazine was compared. These experiments are summarized in table 
7. The activity of the halogenated suffanilamides was not significantly affected 
by an amount of p-aminobenzoic acid which completely antagonized sulfadiazine. 

Discussion. The data piesented in this communication supplement and 
extend the observations made previously (1). It has been found that clinically 
used suffanilamides are as active as quinine on the basis of minimal dosage giving 
significant reduction of parasitemia. However, these compounds failed to re- 
duce paiasitemia below a level of 1 to 2% C.P. (with a sixth day peak infection 

4 The sulfadiazine uas supplied bj the American Cyanamid Company, the sulfameraziue 
by Sharp and Dohme; the sulfapj razine by Mead Johnson and Company, and the sulfa- 
guanidine bv E It Scpubb and Sons The bromosulfanilanihde u as obtained partly from 
the Wintlirop Chemical Company, Inc and partly from Joseph Koepfli. The chlorosul- 
famlamlide \%as prepared m this laboratory by R G Shepard. 
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in the controls). The data given in tables 1-5 to a large extent explain this 
failure by showing that: 1) the residual parasites on the sixth day are abnormal 
in appearance, 2) the proportion of abnormal parasites correlates to some extent 
with do«age, 3) the altered parasites are apparently non-viable since they dis- 
appear between the end of treatment on the sixth day and the eleventh day with 
the result that a graded effect from dosage becomes evident, and 4) the viable 
count on the sixth day, determined by subinoculation experiments, correlates 
with the dosage. 

The sjow action of sulfadiazine is most apparent when parasitemia-time curves 
for this drug are compared with those obtained for quinine. Furthermore, the 
curve for sulfadiazine appears to be identical with that of the control birds 
until after the third day. It is probable that the slow action of the sulfanila- 

TABLE 7 


Antagonistic action of p-aminobcn:oic acid on sutfanilamidcs 


DXUC 

cm. rts 100 cm. 
Durr 

p- AMINO BENZOIC 
ACID CM. rtx 100 
CM. DIET 

ceomtixic mean or 
% CJ*. ON 6 tU PA V 

3',5'-Dibromosulfanilanilide 


0 

0.2 

3', 5'-DibromosulfaniIanilidc 


0 

15 

3',5'-Dibromosulfanilanilidc 


1/10 

0.4 

3',5'-DibroraosuIfanilanilidc 


1/10 

40 

Sulfadiazine. . . 


0 

o 

Sulfadiazine 


1/10 

60 

Controls 



70 

3',5'-Dichlorosulfnnilanilide 

1/10 

0 

0.3 

3',5'-DichlorosulfaniIanilidc 

1/10 

1/10 


3',5'-Dichlorosulfanilanilide 

0 

1/10 


Controls 



60 


Infection: P. lophurac, 100 X 10‘ parasitized cells per duck. 
Duration of Therapy. G days. 


mides is partially responsible for their failure to lower parasitemia below' 1 to 
2% C.P. in an infection of 100 X 10 5 parasitized cells per bird which gives a sixth 
day peak in the control birds. This interpretation is substantiated by the ob- 
servation that a fully graded dosage-effect relationship w T as obtained similar to 
that with quinine when the action of sulfadiazine was investigated on a slowly 
developing infection (tenth day peak). 

The comparatively slow action of sulfnnilamides in gallinaceum malaria has 
been studied by Brackett, Waletzkv and Baker (7). They obtained definite 
evidence that the multiplication of parasites was inhibited as early as 24 to 36 
hours after exposure to sulfadiazine. Our data for Iophurae malaria do not show’ 
inhibition of parasites before 72 hours exposure to sulfadiazine. It is possible 
that this slight discrepancy reflects a difference in species susceptibility. 

It should be noted that the same proportional increase in dosage does not pro- 
duce the same reduction in parasitemia in the case of sulfanilamides as in the case 
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of quinine. This difference makes it difficult to compare the effectiveness of the 
sulfanilamides with that of quinine. For example in table 1, sulfadiazine appears 
to be 2 to 4 times as active on the basis of minimal dose necessary to produce 
significant reduction in parasitemia, yet on the basis of the ability to suppress 
parasitemia quinine is obviously superior. In addition to the difficulty encount- 
ered in the case of the sulfanilamides, it should be noted that only on the basis of 
minimal effective doses can slightlj r active drugs be compared to quinine. There- 
fore, it would appear to be advisable to use this basis for the purpose of evaluating 
the relative anti-malarial activity of drugs in general. 

The experiments comparing relative activity of drugs on two species of malar- 
ial parasites in the same host indicate real differences in species susceptibility 
since host differences in susceptibility and drug metabolism are eliminated. 

The two halogenated sulfanilanilides studied were reported to be active on 
relictum malaria in the eanaiy (8). The evidence presented here with regard 
to these drugs clearly indicates that their mode of action in experimental malaria 
is different from that of the usual sulfanilamides in that 1) they are highly 
active against cathemerium malaria, and 2) their action is not antagonized by 
p-aminobenzoic acid. 


SUMMARY 

1. Sulfanilamide derivatives such as sulfadiazine possess high activity com- 
pared to quinine in lophurae malaria in ducks when the comparison is based on 
minimal effective doses. However, these derivatives fail to reduce the para- 
sitemia below 1 to 2% cells parasitized on the sixth day regardless of dosage when 
tested against an infection having a sixth day peak parasitemia in the controls. 

2. The antimalarial action of sulfanilamides, such as sulfadiazine, is slower 

than that of quinine. ' 

3. 3', 5' Dibromosulfanilanilideand3',5' dichlorosulfanilanilide exhibit a mode 
of action which differs qualitatively from that of ordinary sulfanilamides. 

4. It is advisable to use minimal effective doses as the basis of comparisons of 
antimalarial activity. 

We wish to thank Eleanor R. Mann, Edna F. Mann, Charlotte Kennedy and 
Lucille Dekker van Ghyl for technical assistance. 
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The results of numerous investigators (1, 2, 3, 4, 5) demonstrate that the 
toxicity of a wide variety of chemical substances is markedly affected by fluctua- 
tions in environmental temperature. Pfeiffer and co-workers (4) reported the 
toxicity of Amphetamine and Neo-Sjmephrine was decreased by lowered en- 
vironmental temperature while that of Ephedrine was unchanged. Leser and 
co-workers (G) showed artificial cooling of mice resulted in increased mortality 
after injections of Amphetamine. 

Incidental observations made in this laboratory (7) indicate that the sub- 
cutaneous LD 60 of Ephedrine in rats is decreased by at least 100 per cent when 
animals are placed in a chamber through which warm air is circulated. The 
toxicity of certain other vasopressor amines was cither unaltered or increased to a 
lesser extent under similar conditions. Several factors might have been responsi- 
ble for the observed alteration in toxicity; however, it appeared likely that tem- 
perature was the most important. Thus, the present study was undertaken to 
investigate effects of environmental temperature on the toxicity of various 
vasopressor amines. 

This investigation includes the determination of LDso values for these com- 
pounds in mice at 2G and 32°C. following subcutaneous and intravenous injections 
and studies on rectal temperature and mortality following subcutaneous injec- 
tions of Ephedrine and Vonedrine in rats. 

Methods. All animals employed in this investigation were housed at approximately 
2G°C. Those subjected to 32°C. were conditioned to this temperature for two hours before 
drug administration. 

The white mice weighed 10 to 19 grams. Both subcutaneous and intravenous doses 
were administered in a total volume of 0.25 cc. in this species. LDso values and standard 
errors were obtained by the method of Mdlcr and Tainter (S). 

Young male white rats weighing ISO to 210 grams or older rats weighing 300 to 500 grams 
were emplo 3 ’cd in studies on rectal temperature. The animals were injected subcutane- 
ously with fractional parts of the LD S0 as determined at 2G°C. Rectal temperatures were 
taken prior to injection and at hourly intervals for six hours thereafter. 

The hydrochlorides of the following amines were studied: Ephedrine (/-l -phony 1-2- 
mcthylaminopropanol-1); Propadrine (rfM-phenyl-2-aminopropanol-l); Amphetamine (dl- 

1- phcnyl-2-nminopropnne) ; Tuamine (r/J-2-aminoheptane) ; Vonedrine (df-l-methylanuno- 

2- phenylpropanc) ; and Privino (2-[«-naphthyImcthyl) imidazoline). All solutions were 
made with pyrogen-free, sterile, distilled water. 

Results. Data presented in table 1 show that the acute subcutaneous tox- 
icities in mice of Ephedrine, Amphetamine, and Propadrine are markedly tn- 
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creased by an elevation of the environmental temperature while those of Tuamine, 
Vonedrine, and Privine are not significantly altered. 

The data in table 2 show that the toxicity of Ephedrine is increased while that 
of Vonedrine is unaltered by increased environmental temperature following 
intravenous injections. This indicates that the observed difference in effect of 
environmental temperature on the subcutaneous toxicity of the two groups of 
compounds is not related to differences in absorption. 

It was noted following intravenous administration that all deaths with Vone- 
drine at both temperatures and Ephedrine at 26°C. occurred within three minutes 
after injection; however, some doses of Ephedrine proved lethal five hours after 
administration at 32°C. This increase in the period of mortality probably is 

TABLE 1 


LD;c values in mgm./kgm. for subcutaneous administration in mice subsequently kept at 

26° and S2°C. 


COMPOUND 

(eydeoolloeide) 

ED» M 16* C. 

I£>n AT 32*C. 

Ephedrine 

600 ± 54.8 

83 ± S.9 

Propadrine 

600 ± 49.0 

214 ± 26.3 

Amphetamine 

42 ± 4.2 

15 ± 1.6 

Tuamine 

115 ± 11.6 

76 ± 6.5 

Vonedrine 

540 ± 48.0 

400 db 37.0 

Privine 

170 dh 13.8 

150 ± 11.0 


TABLE 2 

LDs o values in mgm./kgm. obtained at 26° and 32°C. following intravenous infection in mice 


COMPOUND 

(hydrochloride) 

LD« at 26’C. 

1 

LD*o at 32 *C. 


100 ± 6.3 ; 

36 ± 4.1 

65 ± 7.2 


j 60 ± 3.4 



related to the more persistent temperature-raising action of Ephedrine. This 
eSect of Ephedrine as well as of Amphetamine, Pervitin, and Veritol on body 
temperature has been demonstrated by Kiessig (9). Differences between 
Ephedrine and Vonedrine with respect to this action are apparent from data 
obtained in rectal temperature studies. 

Table 3 shows the effect of varying doses of these two compounds on the rectal 
temperature of rats (300 to 500 grams) at 26°C. None of the doses of Ephedrine 
and Vonedrine caused an increase in rectal temperature amounting to 5°F. or 
more. None of the experimental animals died, and the single difference between 
the two compounds was that temperature rises persisted longer following the 
administration of Ephedrine than they did following Vonedrine. 

Studies carried out with rats (300 to 500 grams) kept at 32°C. indicated no 
significant differences between Ephedrine and Vonedrine with reference to effects 
on rectal temperature. Generally, when the temperature Tose over 5°F. and was 
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maintained for any considerable period, death followed with either compound. 
Some difference between the amines was noted with respect to mortality. Five 
per cent of the LD (0 (determined at 26°C.) caused four deaths out of six animals 
which received Ephedrine, while 5 per cent of the LDjo of Vonedrine caused two 
deaths out of six animals. Twenty per cent of the ordinary LDso proved fatal to 
all six animals in each series. 

Table 4 shows that Ephedrine caused a greater temperature rise and higher 
mortality rate than did Vonedrine in young rats (180 to 240 grams) at 32°C. 

TABLE 3 


The effect of subcutaneous administration of fractional parts of the LDss of Ephedrine and 
Vonedrine on rectal temperatures of rats ( SOO to BOO grams) kept at 26°C. 


COMPOUND 

(hydrochloride) 1 

DOSE 

LDn 

RATS 

TEMTZRATrRX 

INCREASE 

AVERACE ETIA* 

ttox or iuxrvtAJ. 

TtMPEEATTXE 


fnjn /k[m. 


number 

• F . 

hevrs 

Ephedrine 

15 

' B 

G 

2.2 to 4.4 

<1 


GO 

B 

G 

1 .0 to 4.G 

4 

Vonedrine 

42.5 

5 

6 

0.0 to 2.0 

<1 


170.0 

20 

G 

1 .4 to 4.0 

1 


TABLE 4 


The effect of subcutaneous administration of fractional parts of LDm of Ephedrine andVonc- 
drine on rectal temperature and mortality of rats (180 to 2^0 grams) kept alS2°C. 


compound 

(HYDROCHLORIDE) 

DOSE 

LD»* 

RATS 

TEMPER VTURE 
INCREASE 

MORTALITY 


mzrt./ktm. 

per cent 

number 

*F. 

per cent 

Ephedrine 

15 

5 

G 

3.7 to 7.0 

G7 


GO 

20 

G 

3.8 to 8.S 

S3 

Vonedrine 

42.5 

5 

G 

0.4 to 3.2 

0 


170.0 

20 

G 

1.4 toG.G 

33 


•Values determined in 300 to 500 gram rats at 26°C. 


Data on durations of effect on temperature are not included in this table because 
of inadequate numbers of surviving animals. However, there were clear indica- 
tions that in this experiment, also, Ephedrine had a more persistent effect.. 

These results demonstrate that the differences between Vonedrine and Ephed- 
rine and likely other compounds in the two groups must be regarded as quantita- 
tive rather than qualitative ones. 

Discussion. Several factors may be responsible for the unaltered toxicity of 
Vonedrine in mice, some increase in toxicity of this compound in young rats, and 
the greater increase in toxicity in older rats at the increased environmental 
temperatures. One important factor likely is that of differences in the regions 
of thermal neutrality. Herrington (10) has shown that rectal temperatures of 
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mice are comparatively stable in environmental temperatures up to 33°C., and 
those of older rats (310 to 377 grams) remain rather constant up to 29°C. At 
environmental temperatures above these, rectal temperature increases rapidly 
for each small increase in environmental temperature. Since Vonedrine has a 
comparatively mild effect on body temperature its toxicity at 32°C. is not in- 
creased in the mouse, a species with stable body temperature at a fairly high 
environmental temperature. Its toxicity is increased, however, in heavy rats 
because these animals have a comparatively low region of thermal stability. The 
mild temperature-raising effect of Vonedrine is sufficient to upset their tempera- 
ture regulation to a serious degree. The toxicity of Bphedrine, on the other 
hand, is increased by elevated environmental temperature in both species. This 
is evidently due to the greater and more persistent temperature-raising action of 
Ephedrine which must be sufficiently intense to upset seriously temperature 
regulation even in the mouse at the elevated temperature. 

SUMMARY 

The acute subcutaneous toxicities in mice of Ephedrine, Propadrine, and 
Amphetamine were increased by the elevation of environmental temperature 
while those of Tuamine, Vonedrine, and Privine were not significantly altered. 
Intravenous administrations indicate these effects were not due to alterations in 
rates of absorption. 

Ephedrine had a greater and more persistent temperature-raising action than 
Vonedrine following subcutaneous injection in rats, and Ephedrine toxicity was 
increased more than that of Vonedrine in this species. Thus, altered toxicity at 
different temperatures appears to be correlated with effects of the amines on 
body temperature. 

Effects of environmental temperature on the toxicity of various vasopressor 
amines were modified by weight (age) of animals and the species employed. 
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It has been shown previously (1) that fluctuations in environmental tempera- 
ture and age (weight) of animals alter the toxicity of certain vasopressor amines. 
Chen and Robbins (2, 3, 4) have recently reported on the effect of age on the 
toxicity of various drugs. They found that rats one to one and one-half months 
old are more susceptible to Ephedrine h 3 'drocliloridc injected intravenously than 
younger or older ones; and their results indicate, in general, that one cannot 
predict effects of age of animals on drug action since each substance has its own 
characteristics. These factors of environmental temperature, age and weight of 
animals and others, such as strain of animals, place of injection, and rate of in- 
jection, probably account for the marked variation in LD S0 values which have 
been reported for various vasopressor amines. 

In view’ of the extensive clinical uses of these therapeutic agents and the in- 
consistent toxicity data reported in the literature, it seemed desirable to compare 
their toxicities following several modes of administration in different species of 
animals. The investigation reported here was done over a relatively short 
period of time, and various factors which might alter toxicity were reduced to a 
minimum. Therefore, the data obtained should define comparative acute tox- 
icity of the chemical substances investigated with fair accurate}'. 

Methods. A total of 010 New Zealand rabbits from the same rabbitrj', S39 white rats 
of the Wistar strain, and 222 white mice of the Swiss strain were employed in determining 
LDso values. The rabbits weighed between 2 and 3 kilograms and the mice between 1C 
and 20 grams. Rats of two different weight groups were employed. One group included 
young mature animals which weighed between 190 and 230 grams and the other older and 
heavier animals which weighed 300 to 500 grams. 

Intravenous injections in rabbits were made into the marginal car vein. Concentrations 
employed were such that one LD t0 was administered every one to two minutes. Intra- 
muscular injections in rabbits were made into the thigh muscles. Subcutaneous injections 
in till species were made in the mid-dorsal region. Intraperitoneal injections in rats were 
made in such a manner as to prevent injection into internal organs. 

The animals were quartered in a room having a temperature of 26 < ’C. with variations 
of one degree plus or minus. All deaths occurring within two weeks after drug administra- 
tion were included in estimating acute toxicity values. 

The hydrochloride salts of the following amines were studied:. Vonedrine (rf/-l-methyl- 
amino-2-phcnylpropane) j Ephedrine (M-phenyl-2-methylamino-propanol-l); Propadrino 
(d(-l-phenyl-2-aminopropanol-l); Tuamine (df-2-nminoheptane); Amphetamine (dl-1- 
phenyl-2-aminopropane); Privine (2-[a-naphthylmcthyl] imidazoline); and Neo-Syn- 
ophrine (M-fm-hydroxypheiiyll-2-methylaminoethanol). 

2S4 



COMPARATIVE TOXICITY OF PRESSOR AMINES 


285 


Results. When the LD 5 o is used as the criterion of toxicity, it will be noted 
(table 1) that Vonedrine, Ephedrine, and Propadrine are the least toxic com- 
pounds an d are of the same general order of toxicity. One significant difference 
between LDs 0 values in this group is noted following subcutaneous injection in 
heavy rats (300' to 500 grams). Vonedrine toxicity is not altered in heavier rats 
while that of Ephedrine and Propadrine is increased. This may be due to the 
temperature-raising action of Ephedrine and Propadrine and an increased sus- 
ceptibility of older rats to this effect (1). Another marked difference between 
Vonedrine and Ephedrine is in the slope of mortality curves for the subcutaneous 
route in rats. The curves for Vonedrine are steep while those for Ephedrine are 
steep in the higher dosage range but flatten out in the lower dosage levels. For 
example, Ephedrine injected subcutaneously proved lethal to young rats in doses 
ranging from 180 to 950 mgm./kgm. while Vonedrine proved lethal in the narrow 


TABLE 1 


LDu values in mgm./kgm. with standard errors obtained by 
method of Miller Taintcr (5) 


COMPOUND 

(BYDROCntOKIDE) 

INTRA- 

VENOUS 


INTRA- 

MUSCULAR 

SUBCUTANEOUS 

Rabbits 

Heavy rats 

Rabbits 

Rabbits 

Light rats 

Heavy rats 

Mice 

Vonedrine 

72 rfc 1.7 

165 ± 9.2 

220 dz 15.0 



15.9 

850 sb 36.7 

850 d= 34.3 

510 ± 48.0 

Ephedrine 

60 zb 3.2 

165 ± 15.2 

175 ± 9.2 

165 

zb 12.3 


320 ± 40.6 


Propadrine 

50 ± 3.1 

160 zb 6.7 

320 ± 29 2 

255 

sfc 

10.3 

660 ± 51.6 

380 zb 27.1 


Tuamine 

22 1.4 

34 zb 2.2 

85 ± 5.7 

130 

db 

14.4 

135 ± 6.1 

160 zb 13.0 

115 zb 11.6 

Amphetamine 

10 rfc 1 6 

30 ± 3.0 

10 i 08 

11 

•A. 

1.2 

165 zb 16.5 

39 zb 2.3 

42 zb 4.2 

Privine , . 

0 S A 0.09 

50 ± 3.6 

0.95 ± 0.23 

0.95 


0.15 

385 zb 39.6 

325 zb 22.5 

170 zb 13 8 

Neo-Synephrine 

0.5 zb 0.15 

17 db 1.1 

7.2 zb 0.35 

22 


2.2 

27 zb 2.9 

33 ± 2.0 

22 zb 4.3 


dosage range of 750 to 950 mgm./kgm. This factor, and not small groups of 
test animals, accounts for the large standard errors of certain determinations. 

Tuamine, Amphetamine, Privine, and Neo-Synephrine vary considerably in 
toxicity with various types of administration in the species employed; however, 
they are the more toxic group. Privine and Neo-Synephrine are most toxic 
intravenously in rabbits. Privine also has a high order of toxicity in this species 
following subcutaneous and intramuscular injection, but its toxicity following 
subcutaneous injection in rats and mice is low when compared to that for other 
members of this group. 


SUMMARY 

Comparative LD 6 o values are presented for seven vasopressor amines. 

Vonedrine, Ephedrine, and Propadrine have a similar order of toxicity and 
constitute the low toxicity group. Vonedrine differs from the other two amines 
in this group in that it is less toxic following subcutaneous injection in older and 
heavier rats. 

Tuamine, Amphetamine, Privine, and Neo-Synephrine are the most toxic of 
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the amines. The two latter compounds have a comparatively high order of 
toxicity following intravenous injection in rabbits; and Privine is especially toxic 
for the rabbit following all modes of administration investigated. This com- 
pound, however, is the least toxic of the four in this group following subcutaneous 
injection in rats and mice. 
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Since DDT has gained prominence as an insecticide, its toxicity for insects 
has most frequently been expressed either in terms of percent kill after exposure 
to a given environmental concentration of the agent (dispersed in air on water 
or on surfaces, etc.) for a given length of time, or in terms of efficiency of eradica- 
tion of an insect pest from a given area (1). Such data are invaluable from the 
point of view of field application, but studies on mechanism of action require 
knowing the lethal dose per insect. It is standard procedure to express such a 
dose as the LD-50, viz. the dose required to kill 50 per cent of a suitably large 
group of animals. An early estimate, not based on actual measurement, sug- 
gested that flies are killed by as little as lO^-lO -6 micrograms per fly (2). As- 
suming a fly weight of 20 mgm. this latter figure translates to 0.05 micrograms 
per kgm. Such an order of toxicity would be remarkable indeed. Some direct 
measurements have been made of doses required for kill. Metcalf and Kearns 
administered measured doses of DDT to the cockroach ( Periplanela americana ) 
(3). They reported a lethal dose of the order of 30 mgm. of DDT per kgm., 
applied to the body surface in emulsion form. David has made measurements 
of the quantity of DDT collected from a spray by flying insects. His figures 
for “maximum median lethal dose” are 7 and 10 mgm. per kgm. for the male and 
female of Mvsca domeslica, and 5 and 7 mgm. per kgm. for the male and female 
of Aedes aegypli (4). Latta, Anderson and Rogers reported that the approxi- 
mate amount of surface deposited DDT in oil necessary to kill an Aedes aegypli 
female of average susceptibility is about 0.03 gamma per mosquito (5). Assum- 
ing an average body weight of 1-3 mgm. per mosquito this datum calculates to 
10-30 mgm. per kgm. 

Studies on mammals indicate that the acute LD-50 of emulsified DDT, in- 
jected intravenously, is 40-50, 35-50, 25-40, 60-75 and 50-60 mgm. per kgm. of 
body weight for the rat, rabbit, cat, dog and monkey respectively (6). On the 
other hand, DDT powder applied to the rabbit skin, dry or wet with physiological 
saline, is non-toxic in doses as high as 4 grams per kgm. Applied to the skin in 
certain organic solvents, however, it is toxic (7). 

Collecting these data then, one sees that the average LD-50 of surface applied 
DDT for the cockroach, fly and mosquito is about 12 mgm. per kgm., that of 
intravenously injected, emulsified DDT in the mammal is about 49 mgm. per 
kgm., and that of dry DDT applied to the rabbit skin is very high (over 4 grams 
per lcgm.). Other studies also indicate that dry DDT is relatively non-toxic 
for mammals when applied to the skin (8). 

_ 1 Tl 'is work was carried out under contract with the Medical Division of the Chemical 
Warfare Service. 
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The data thus suggest that the factor which makes DDT appear to be so 
much more toxic for insects than mammals is one of absorbability. The impor- 
tance of the absorbing surface is further indicated by the finding of a positixe 
correlation between the possession of a chitinous exoskeleton and susceptibility 
to DDT (9). 

To further substantiate this conclusion and to obtain additional, directly 
measured toxicity data for insects xr c have determined the approximate LD-50 for 
DDT injected into the abdomen of the cockroach ( Pcriplancta amcricana) in 
various solvents, and applied to the surface of the cockroach and the fly ( Mvsca 
domeslica and Calliphora ) in acetone. 

Methods In nil experiments, the DDT solution was dclixered through n 27 gauge 
hjpodermic needle from n 0 25 cc tuberculin sy ringe fitted with a hand drixen micrometer 


TABLE 1 

Approximate LD SO of DDT for the cockroach and fly 


ANIMAL 


SOLVENT 

A.TT7.0X. LD 50, 
MCU /ECir 

At 21 
hours 

At 

hours 

Cockroach ( Pcnplaneta amcricana) 

Intraabdommal 

Acetone 


5-S 



Emulsion* 


IS 



Peanut oil 


S2 


Surface 

Acetone 


10 

riy (If nsco domeslica) newly emerged 

Surface 

Acetone 

2 


Fly (Musca domeslica) older adults 

Surface 

Acetone 

S-21 


Tly ( Calliphora spp ) older adults 

Surface 

Acetone 

9-2S 



* Emulsion 1 per cent DDT, 10 per cent peanut oil, 1 per cent lecithin, SS per cent 
physiological saline (6) 


screw for adrancing the piston (10) Such an instrument properly calibrated, can be used 
to delixer volumes of the order of 1 emm Tor injection, the unanesthetized roach was held 
by the wings, with the \entral abdominal surface up Since injection through the sclero 
tized cuticle may allow hemoly mph to exude from the hole which remains upon withdrawal 
of the needle, care was taken to slip the needle under a stermte so that it entered the ab 
domen through thin body wall at the lunge like point of attachment When it was with 
drawn the stermte fell back into place and sealed the hole XX e liar e rarely seen any leakage 
with this technique For sui face toxicity in the roach, DDT was ajiplied in acetone solution 
to the dorsum of the abdomen and thorax, under the wings and near the point of attach- 
ment Since there is little moxement of the wings they eo\ cr the contaminated surface and 
thus help to protect against loss of DDT The mateiml was delirered from the dexicc 
described above, but a blunted needle was used being held fiat against the body surface 
during delivery Such a procedure minimizes error due to e\ apor ltion of acetone solution 
in the needle Since the acetone ey aporates very rapidly and one then sees the dry powder 
left behind, rye feel that this method of adnunistiation is a good approximation of the normal 
mode of surface contamination Flics were lightly anesthetized with ether during surface 
application Subsequent to poisoning, roaches were kept in battery jars in groups of 10 
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or fewer with water and food continuous!)' available. Flies were kept in groups of 5 in 
wide-mouthed 150 cc. jars, with liquid food available. 

Results. The detailed data are shown in tables 2 through 8 and are sum- 
marized (table 1) in terms of the approximate LD-50 values (graphically deter- 
mined). 


TABLE 2 


Toxicity of DDT injected intraabdominally in acetone into cockroaches 


NO. ROACHES 

VOL. INJECTED 

DDT 

PER CENT MORTALITY AT HOURS INDICATED 

24 1 

48 

72 

96 

120 


cmm. 

mgm. (kgm. 






40 

1 

0 


0 

0 

5 

5 

10 

2 

0 


0 


30 

40 

5 

4 

0 


60 

so 

SO 

SO 

10 

s 

0 


50 

70 



35 

1 

0.1 

9 

11 

11 


11 

45 

1 

1.0 

7 

21 

24 


33 

45 

1 

5.0 


24 

33 


35 

45 

1 

10.0 


40 

51 

siKlBss 

65 

10 

1 

15.0 


10 

40 


SO 


Approximate 120 hour LD-50, 5~S mgm. per kgm. 


TABLE 3 

Toxicity of DDT applied in acetone to the surface of cockroaches 


NO. ROACHES 

VOL. INJECTED 

DDT 

PER CENT MORTALITY AT HOURS INDICATED 

24 

43 

72 

96 

120 


cmm. 

mgm./kgm. 






10 

1 

0 


0 

0 

0 

0 

33 

1 

0.1 

0 

3 

6 

15 

15 

8 

1 


0 

0 

13 

13 

13 

28 

1 


0 

7 

14 

18 

IS 

31 

l 

10.0 

0 

13 

37 

40 

52 

25 

1 

30.0 

0 

2S 

52 

85 

85 


Approximate 120 hour LD-50, 10 mgm. per kgm. 


From table 2 it can be seen that the volume of acetone used for injection into 
the cockroach (1 cmm.) was itself responsible for death in 5 per cent of control 
animals, and a later experiment showed that 1 cmm. of intraabdominally injected 
acetone increases mortality from surface applied DDT. It is, therefore, reason- 
able to assume that the LD-50 figure of 5 mgm- per kgm. is somewhat too low 
and that the toxicity of DDT in acetone is about the same, for the roach, whether 
applied to the body surface or injected intraabdominally. The reduced toxicity 
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of DDT in peanut oil is probably a function of its relatively high solubility in this 
viscous oil and subsequent slow release to the tissues of the animal. 

Discussion'. With the exception of one estimate (2), it is seen that the data of 
several investigators, using different insects and methods, agree rather well. 

TABLE 4 


Toxicity of DDT injected inlraabdominally in peanut oil into cockroaches 




DDT 

rtS CENT MORTALITY AT IT OURS INDICATED 

24 

4S 

72 

96 

120 


crr.m. 







G 

2-12 

0 

0 

0 

0 

0 

0 

30 

1 

10 

7 

13 

17 

20 

23 

30 

1 

4S 

10 

13 

23 

27 

30 

29 

1 

95 

14 

31 j 

45 

4S 

55 

30 

1 

200 

20 

40 

63 

63 

73 

G 

2 

200 

33 

33 

50 

50 

66 

G 

4 

3S0 

33 

50 

66 

83 

100 

G 

S 

VG0 

33 

S3 

S3 

S3 

S3 

9 

12 

1140 

0 

45 | 




3 

20 

1900 

20 

100 ! 





Approximate 120 hour LD-50, 100 mgm. per kgm. 


TABLE 5 


Toxicity of DDT injected inlraabdominally in emulsion * into cockroaches 


NO. ROACHES 

1 

VOL. INJECTED j 

DDT 

rrR CENT MORTALITY AT HOURS INDICATED 

24 

4$ 

72 

96 

120 


enffl. 

mtm./ksm. 






10 

i 

0 

0 

0 

0 

0 

,0 

10 

1 

O.t 

0 

20 

20 


20 

10 

i 

1.0 

0 

0 

0 


Of 

30 

i 

5.0 

7 

20 

23 


23 

29 

i 

10.0 

14 

25 

35 


35 

20 

1 


45 

65 

65 


65 

5 

i 


0 

0 

0 


60 

10 

i 

100.0 

100 



1 



* Emulsion: 1 per cent DDT, 10 per cent peanut oil, 1 per cent lecithin, SS per cent 
physiological saline. 

t Reason for this aberrant result is unknown. 

Approximate 120 hour LD-50, 20 mgm. per kgm. 

Interestingly enough the toxicity of DDT, with the exception of greatertoxicity 
for newly emerged flies, is of the same order of magnitude for all the insects 
studied. Death, however, at doses near the LD-50, occurs much more rapidly 
in the fly than in the cockroach. 

The data show emulsified DDT to be of about the same order of toxicity 
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TABLE 6 

Toxicity of DDT applied in acetone to the surface of newly emerged flies (Musca domestica) 


NO. PLIES 


DDT 

PER CENT MORALITY AT HOOKS INDICATED 


3 

24 

48 

72 

96 


cmm. 

mgm. /kgm* 






5 

0 

0 

0 

0 

0 

0 

0 

10 

0.2 

i 

20 


20 

20 

20 

11 

0.4 

1.5 

0 


36 



29 

0.8 

2 

31 


49 



8 

1.0 

2.5 

87 

87 j 

87 



10 

0.6 

3 

50 

100 




10 

0.8 

4 

80 

100 




5 

1.0 

5 


100 




5 

1.0 

5 

80 

100 




5 

0.4 

10 


100 




5 

0.6 

15 


100 




5 

0.8 

21 


100 




5 

0.2 

51 

80 

100 




5 

0.4 

103 

100 

100 




6 

0.8 

205 

m 

m 





* Average body weight of newly emerged flies: 3.9 mgm. (55 flies). 
Approximate LD-SO, 2 mgm. per kgm. 


TABLE 7 


Toxicity of DDT applied in acetone to the surface of adult flies (Musca domestica) 


NO. FLIES 

VOL. APPLIED 

DDT 

PER CENT MORTALITY . 

24 

AT HOURS INDICATED 

48 


cmm. 

mgm. f kgm.* 



31 

0 

0 

3 

3 

25 

1.0 

0 

4 

4 

45 


2 

17 

33 

40 


4 

15 

30 

20 


6 

15 

30 

70 


8 

46 

61 

SO 


11 

60 

64 

23 

1.2 

13 

56 

61 

30 

o.s 

17 

60 

64 

26 

1.0 

21 

50 

57 

25 

o.s 

34 

SO 

88 

25 

0.4 

42 

76 

84 

5 

o.s 

84 

100 


10 

1.0 

105 

100 



* Average body weight of newly captured adult flies: 9.5 mgm. (70 flics). 
Approximate 21 hour LD-50, S-21 mgm. per kgm. 


when injected intraabdominally into the cockroach as when given intravenously 
to the mammal. However, for the cockroach, in contradistinction to the mam- 
mal, DDT is found to be about as toxic when applied to the bodv surface as when 
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injected. This equivalence between surface absorption and injection toxicity is 
not known for any toxic agent administered to mammals. The findings strongly 
support the assumption, therefore, that the effectiveness of DDT in insects 
is a function of its ready absorbability rather than of any great increase in 
absolute toxicity. Actually, the absolute toxicity is not unusually great when 
compared to that of many other agents for mammals (11). 

The mechanism of this very efficient absorption and centripetal transport in 
the insect has not yet been carefully studied. Preliminary studies, however, 
indicate no impairment of absorption or centripetal transport via a leg (cock- 
roach) which has been denervated. Nor docs removal of an entire abdominal 
ring of chitinous exoskeleton with subsequent application of DDT caudal to the 
excised region prevent development of symptoms in the legs cephalad to the 
excised ring. 


TABLE S 


Toxicity of DDT applied in acetone to the surface of adult flics ( Calliphora spp.) 


NO. TtltS 

VOL, ATTLIED 

DDT ! 


gss 



ntm. /kgrt* 

1 


26 


0 

4 

20 

30 

m 

5 

13 

40 

29 

■Sin 

9 

23 

54 

36 


19 

45 

67 

15 

0.G 

2S 

40 

66 

20 

0.8 

37 

S5 

95 

20 | 

1.0 

4G 

85 

95 


* Average body weight of newly captured adult flies (large) : 21.6 mgm. per fly (SS flies). 
Approximate 24 hour LD-50, 9-2S mgm. per kgm. 


CONCLUSIONS 

1. The approximate LD-50 for DDT in the cockroach ( Pcriplancta amcricana) 
is 5-S mgm. per kgm. when injected in acetone, 10 mgm. per kgm. when applied 
to the body surface in acetone, IS mgm. per kgm. when injected as emulsion 
and 82 mgm. per kgm. when injected in peanut oil. 

2. Tlie approximate LD-50 for DDT when applied to the body surface in 
acetone is 2 mgm. per kgm. for the newly emerged fly (Musca domcstica). For 
the captured, older adult the LD-50 is about 8-21 mgm. per kgm. for Mvsca 
domestica and 9-28 mgm. per kgm. for Calliphora. 

3. The data of various investigators, using different methods, indicate that 
the LD-50 values of DDT (with the exception of the newly emerged fly) for the 
fly, the mosquito, the cockroach, and a number of mammals (rat, rabbit, cat, 
dog and monkey) differ by a factor of only 3 to 5 when absorbed material is 
considered. 

4. Death, at doses of comparable toxicity, occurs more rapidly in the fly 
than in the cockroach. 
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5. The fact that the LD-50 by surface application is about the same as that 
by injection, in the roach, in sharp contrast to the relationship in mammals, 
implies extremely efficient absorption and distribution and suggests the basic 
reason for the excellence of DDT as an insecticide. 

6. Absorbability is the factor which differentiates the apparent toxicity of 
DDT for insects from that for mammals. 
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THE RATE OF DISAPPEARANCE OF A MARIHUANA-ACTIVE 
SUBSTANCE FROM THE CIRCULATING BLOOD' 

S. LOE1VE 

Department of Pharmacology , Cornell University Medical College 
Received for publication Januar\* 3, 1D4G 

Slow onset and long persistence are characteristic features of all effects of 
marihuana-active substances. They are observed with both crude drug extracts 
and pure compounds, and even after intravenous administration. The question 
of how the various phases of the delayed action are correlated with the concen- 
tration of the active substances in the circulation makes a study of their blood 
levels particularly inviting. A sufficient supply of racemic l-hydroxy-3-n- 
hexyl-6 , 6 , 9-trimethyl-7 ,8,9, 10-tetrahydro-6-dibenzopyran (parahexyl), a 
thetic homolog of the natural hemp principles (1), was available for an attempt 
to estimate the blood levels of this substance in dogs at vaiying intervals after 
intravenous injection. 

As there are no characteristic chemical reactions for these dibenzopyran de- 
rivatives from which to develop a chemical assay method, it was necessary to 
employ the ataxia test in dogs for identification of the drug in blood axtracts. 
Relatively large amounts of blood from animals receiving high doses of marihuana 
were required. Lethal and near-lethal doses of parahexyl were injected as an 
80 per cent solution in propylene glycol. 40 to 110 cc. of blood were taken from 
the jugular vein in from two to eleven hours after giving 41 to 264 mgm./kgm. 
of the drug and in one instance from the thoracic blood pool at autopsy eleven 
hours after administration of 326 mgm./kgm. In one experiment, the content 
of the lungs was assayed. All animals exhibited ataxia of grades IV to VI when 
the blood specimen was taken. 

Whole blood or, in some cases, serum and clot were repeatedly extracted with 
ethanol, the extract was evaporated and again extracted with ethanol, and this 
extract after evaporation dissolved in propylene glycol. The solutions were 
assayed for ataxia action in dogs whose reaction had been previously standardized 
with known doses of tetrahydrocannabinol (2, 3). As the extracts were usually 
sufficient for only two or three tests, the results do not have a high degree of 
accuracy, but they gave a fair estimate of the order of magnitude of the parahexyl 
content of the blood. 

As can be seen from table 1, parahexyl was always demonstrable in the blood. 
The amounts found varied widely between one and ten per cent of the dose 
administered, i.e., between less than 0.35 and 0.86 mgm. per 100 cc. The amount 
of drug recovered shows no consistent relationship with either the dose or the time 
interval between dose and sampling. The blood of the two survivors contained 
a much higher percentage of the administered dose than that of any of the three 

‘This study was supported in part by a grant from Abbott Laboratories, Inc., North 
Chicago. 
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animals which succumbed. Whether or not survival was due to a slower transfer 
of the drug from the blood stream to the site of the lethal action is not known. 

The data obtained appear to conform with what might be expected from the 
physico-chemical properties of these oils. It is probable that their penetration 
from the site of administration into tissue and cells is greatly slowed by their 
poor solubility in aqueous solvents. It is not usual that one or several per cent 
of an intravenously administered drug can be demonstrated in the blood stream 
several hours later. 

The data available allow of no decision on the form in which the drug exists in 
the blood or on its distribution in the body. At least a very considerable part of 
the total recovered was found in the serum. This part must have been finely 

TABLE 1 . 


Parahexyl in blood after intravenous injection 


DOC NO. 

WEICHT 


BLOOD SAMPLE 

PARAHEXYL 
CONTENT OP 
BLOOD IS % 
or DOSE* 

GRADE OP 
ATAXIA 

TIME TO 
DEATH 

WEIGHT OP 
LUNGS, % 

OP NORV1AL* 


Cc. 


tgm. 

mgm./ksm. ] 

: ! 



1 

i 

hrs. \ 


l 

9.6 

4i : 

2 

90 

>7 


Survived | 


2 

9.6 

146 i 

3 

So | 

2.S 

. v-i i 






6 

40 

<2.3 

1 V 1 

20 

277 




20 


0.9f 




3 

9.1 

250 

31 

70 

10.5 

1 IV+ 

Survived 


4 

9.1 

264 

3 

110 

1.6 

1 V- 

IS 


5 

9.1 

326 

1 -Ht 

44 

2.4 

IV 

11 



* Calculation based on an estimated blood volume equal to 7%, and lungs weight equal 
to 0.88% of body weight (4). 

t Parahexyl content of lungs in % of dose, 
t Blood sample taken after death. 

dispersed, since the material for extraction was taken only from the middle layer 
of the centrifuged serum sample. 

In the one dog in which the lungs were extracted almost one per cent of the 
dose administered was recovered from this organ twenty hours after the drug was 
given. This is about one-third of what was found earlier in the total circ ulating 
blood of the same animal, but since the edematous lungs had a weight equal to 
about one-third of the total blood, the concentration in both was about the same. 
This would be consistent with the assumption that the concentration was equal 
in blood and edema fluid, as well as with that of an intravascular deposition 
of larger droplets of the drug in the lung. The former assumption would imply 
that the drug was capable of leaving the blood by filtration or transsudation. 

The slow onset of the effect of the marihuana drugs after intravenous injection 
is not explained by their long persistence in the blood here demonstrated for 
parahexyl. Low rate of solution, intermediate storage in other organs, a slow 
chemical conversion into a highly dispersed form, or slow penetration to the site 
of action may account for the slow onset. 
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SUMMARY 

The persistence in the blood stream, of parahexyl, a synthetic marihuana- 
active substance, was studied in dogs. Large doses were injected by vein, and 
the blood concentration was determined at varying intervals by assay of the 
ataxia action of blood extracts in test dogs. One to ten per cent of the injected 
dose was found circulating between two and eleven hours after the injection. 
In one animal about one per cent of an intravenous dose was recovered in the 
lungs after twenty hours. 
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FUR THER STUDIES ON THE DEPRESSANT ACTIONS OF 
BARBITURATES ON THE TERRAPIN CARDIAC VAGUS 

NERVE 


CHARLES M. GRUBER AND GOLDIE FREEDMAN KEYSER 1 

From the Department of Pharmacology, Jefferson Medical College, Philadelphia, 

Pennsylvania 

Received for publication January 4, 1946 

In as much as a comprehensive review of the literature on the action of barbi- 
turates on the cardiac vagus nerve was given in a previous article by one of us 
(1) only one paper pertinent to the subject which has since been published will 
be discussed here. Gruber, Haury and Gruber (2) showed that numerous bar- 
biturates studied by them acted qualitatively in the same manner on the cardiac 
vagus nerve of the turtle but their effects differed quantitatively. They were 
able to paralyze the vagi of all their experimental animals to which M/500 
solutions of ortal sodium and evipal sodium were administered but they were 
able to show paralysis in only half of the experiments with the sodium salts of 
amytal, pentobarbital and neonal. In the other half of the experiments with 
the latter three drugs depression but no paralysis of the nerve was observed. 
Other barbiturates studied, pemoston, phanadom, phenobarbital, nostal, and 
alurate, caused only depression when M/500 solutions were used. Dial, ipral 
and barbital had no noticeable effect on the vagus nerve in 1/500 molar solutions. 

This investigation was undertaken to determine what cardiac vagal depressant 
effects, if any, are caused by higher dilutions of the more toxic barbiturates which 
had previously been studied as well as by other barbituric acid derivatives not 
tested in the earlier experiments. 

Method. These experiments were performed upon terrapin of the species Chrysemys 
marginata. The preparation of the animal for experimentation and the apparatus used in 
this investigation were the same as those previously described by one of us (2). 

The sodium salts of the barbiturates, dissolved in Ringer’s solution, were placed in the 
pocket formed by'tbe pericardial sac, thus exposing the whole heart to the drug. The pH 
(7.6 to 7.8) of the solution of barbiturate applied to the heart was the same as that of the 
control Ringer’s solution. The strengths of the solutions of barbiturates employed were; 
1/2000, 1/1000, 1/500, and 1/250 molar. 

The vagus nerve was stimulated electrically before the application of the drug while the 
heart was still immersed in Ringer’s solution. The control solution was then removed and 
replaced by the freshly made Ringer-barbiturate solution and the vagus nerve again stim- 
ulated electrically at two minute intervals. After the heart was exposed to the drug from 
2 to 12 minutes, the time being dependent upon the barbiturate used and the degree of 
depression produced upon the vagus nerve, the Ringer-barbiturate solution was removed 
and the heart washed with Ringer’s solution two or three times and then left immersed in a 
a bath of the same solution. After this the vagus nerve was again excited electrically at 
two minute intervals until it showed complete recovery. 

'This research was made possible through a grant by the McNeil Laboratories for re- 
search in science. 


297 


29S 


CHARLES M. GRUBER AND GOLDIE FREEDUAX KEYSER 


Results. Our experiments show conclusively that the barbiturates differ 
quantitatively but that qualitatively they act alike on the cardiac vagus nerve 
in the terrapin. In the thirty-three animals employed, 174 experiments were 
performed using the seven barbiturates listed in table 1. 

It will be seen from the table that 1 /2000 molar solution of ortal sodium caused 
complete block of the vagus nerve in 5 of the 6 experiments performed and 
M/1000 solution of ortal caused complete block of the nerve in all of the animals. 
The latter results are similar to those previously reported by one of us (2). 
Evipal produces usually only depression of the \agus with M/2000 solution 

TVBLE l 

In this table the barbituric acid derivatives beginning with the most efficacious are 
arranged in order of the intensita and rapidity of their action in depressing the cardiac 
vagus nerve m the terrapin — Cessation of heart beat upon aagus stimulation as in the 
control — b Vagus none depressed less th in SO per cent ns indicated bj the number of 
heart beats during excitation H — Vagus none depressed oxer 50 per cent 4- Complete 
block, of the cardiac aagus nerae ns indicated ba no change in the acntncular rate during 
excitation of the nerae 


BARBITURIC ACID 

NUMBER 

OT 

EXFERI 

MEVTS 

soLtmov 

! 

M/2000 

1 Xf/IOOO 

M/500 

M/250 

- 

I-+ 

+- 

+ 

- 

-+ 

I+-: 

+ . 

- 

— f* 

+~ 

j- 

- 

— 

4 — 

i j. 

N-Hcxjdethjl (Ortal) 

12 


1 

i 

5 

1 

| 


G 









N - Methjl - Cjclohcx- 








m 


1 





1 



enjl-Methjl (Exipal) 

21 

i 

3 

G 




n 

9 




i 





Propjl-methjl carbinjl 











i 







Ally 1 (Seconal) 

32 

1 

1 

5 

1 


i 

G 

5 



i 

G 

1 


i 

5 

Ethjl (1-Methjl butjl) 


, 
















(Pentobarbital) 

19 

i 

5 

2 



2 : 

3 

3 



i 

2 





N-Butjl Ethjl (Neonal) 

10 







2 



i 

o 

i 




4 

Sec butjl ethjl (Buti- 


















sol) 

39 





6 

5 



G 

7 

i 

i 

3 

S 



5-Eth>l-5-(l methjl 1- 
















1 


butenjl (Vinbarbital, 


















Delvinal) 

3S 


1 



7 

3 



5 

m 



4 

7 

i J 

i 


but with stronger solutions (M/1000) it, like ortal, causes complete block of the 
nerve. 

Seconal and pentobarbital appear to be about equal in their actions in that 
M/2000 and M/1000 solutions usually cause depression of the nerve with the 
more concentrated solution sometimes producing a complete nerve block 

According to our results, butisol sodium and ainbarbital (delainal) sodium are 
relatively weak cardiac vagus depressant drugs. Even with as liigh concen- 
tration as M/250 only mild depressant effects were observed. Neonal (N- 
butyl ethyl) appears to be somewhat more depressant on the vagus than butisol 
(Sec.-butyl ethyl). 

Figures 1 and 2 are presented as being typical of the results m wfncii tne 
vagus nerve was not completely paralyzed when the heart was treated with a 










BARBITURATE ACTION ON CARDIAC VAGUS 


29D 


solution containing a barbiturate. In figure 1 butisol sodium M/250 solution was 
used for the time indicated between the arrows. The vagus nerve is seen to be 



2 
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% 

9 


jt 15* “ 
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Fig. 1. Top record is that of the contractions of the ventricle of the terrapin Chryscmys 
marginata. The up stroke is systole and the down stroke diastole. The bottom record is 
the ti me in intervals of 30 seconds and above it a record of the duration of stimulation of the 
right vagus nerve. ^ 

1. Ringer’s solution on the ventricle was replaced by a solution of Ringer-butisol sodium 
M/250. 

1'. Barbiturate solution was replaced by Ringer’s solution. 

2 to 11 inclusive Times and duration’s of stimulation of the vagus nerve. During vagal 
stimulation the ventricle contracted once in 5, and three times in 6 and 7. The control 
ventricular rate was 34 contractions per minute. 



■ ft i 9 9 . 9 My % 

z 1 3 4 * ' 1 r 

’ . * * i ♦.*:;< 1.7.1 lilli. . < * r’r f 'T ■ P 

Fig 2. Top record that of the ventricle, bottom record the time in intervals of 20 seconds 
and above it the point and duration of stimulation of the right vagus nerve. 

1. Seconal sodium solution M/1000 was substituted for the Ringer’s solution bathing the 
heart . 

T Barbiturate solution was replaced by Ringers’ solution. 

2 to 7 inclusive. Periods and durations of stimulation of the vagus nerve. While the 
vagus was being excited in 3 and 4 the ventricle contracted four times and in 5 and G it con- 
tracte l 7 times during each stimulation of the vagus. 

slightly depressed since three contractions of the heart occurred during vagus 
nerve excitation. In other experiments longer exposure of the heart to the drug 
appeared to have no further action. 

In figure 2, M/1000 solution of scconal sodium was used between the arrows. 
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Complete paralysis of the nerve did not result from this dilution. Although in 
the control experiment, vagus stimulation had caused complete cessation of 
cardiac activity during the entire period of stimulation, following an 11 minute 
treatment of the heart by the drug vagus stimulation only slowed the heart rate 
from 13 to 7 beats per 20 seconds. Higher concentrations of the drug completely 
paralyzed the vagus nerve. 

SUMMARY AND CONCLUSIONS 

1. The barbiturates studied in this research act alike qualitatively but differ 
quantitatively in their effects on the cardinc vagus nerve in the terrapin. 

2. Ortal sodium, cvipal sodium, pentobarbital sodium and seconal sodium are 
the most toxic for the vagus nerve. Butisol sodium and vinbarbital (dclvinal) 
sodium appear to be extremely weak cardiac vagus nerve depressants. 

3. These depressant effects on the vagus nerve are temporary. After removal 
of the drug the vagus becomes normal in from 5 to 30 minutes depending upon the 
type of barbiturate used, the concentration of the drag, and the length of time 
that the heart has been exposed to it. The depressant action is of long duration 
for ortal sodium but is short for butisol sodium. 

Wo wish lo (hank the following for supplying (ho barbiturates used in this investigation: 
McNeil Laboratories, Rutisol sodium, and Pentobarbital sodium; Eli Lilly and Company 
Seconal sodium; Parke Davis and Company, Ortal sodium; Winthrop Chemical Company 
Evipal sodium; and Sharp and Dohrnc, Delvinnl sodium. 
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It is well known that the glycosides of the strophanthus group are poorly 
absorbed from the gastro-intestinal tract and are only available for therapeutic 
use by parenteral administration. The fact that the secondary hydroxyl group 
of carbon atom 3 of the aglycones is very reactive chemically has been utilized in 
the partial synthesis of compounds of the strophanthus group. Neumann (1) 
prepared several esters of k-strophanthidin and tested their potency in animals. 
Chen and Elderfield (2) described the preparation and the intravenous potency of 
the acetate of k-strophanthidin, and in a subsequent report, Steldt, Anderson, 
Maze, and Chen (3) prepared the strophanthidin-3-n-propionate, -3-n-butyrate, 
and -3-benzoate, and compared their potencies by intravenous injection in cats. 
These were found to exhibit typical digitalis actions and their potencies differed 
as follows: strophanthidin, 0.33; the acetate, 0.19; the propionate, 0.26; the 
butyrate, 0.43; and the benzoate, 2.7 mgm. per kgm. 

The present study was undertaken to explore the behavior of these esters 1 in the 
human subject, their potency, the speed of development of their action after 
intravenous injection, their absorption from the gastro-intestinal tract, the speed 
of their elimination, and their toxic effects. The results form the subject of the 
present report. 

Method. The experiments were performed in patients with auricular fibrillation and 
varying degrees of heart failure. They were selected from a group of 1500 active patients 
in attendance at our cardiac clinics on the basis of the fact that when they were without 
digitalis, they tended to develop a rapid ventricular rate and were subject to a degree of 
failure well within the limits of safety. The method was substantially similar to that used 
in previous studies (4). The subject who has not been receiving digitalis for several weeks 
was put to bed in the hospital. The ventricular rate was counted at the apex for one 
minute, several times daily, under conditions of quiet and rest. This was done during a 
preliminary control period of at least a week in order to establish the level of the resting 
rate without drug. A dose of the preparation was then administered and similar counts 
were made at intervals of several minutes until the maximum effect was obtained, and at 
less frequent intervals until the effect disappeared. When the rate returned to the pre- 
vious level another experiment was carried out in the same manner. It was the plan to 
perform as many experiments with as many preparations as possible in one and the same 
patient. Simultaneous observations were recorded on the general behavior of the patient, 
signs of toxicity, and changes in the symptoms and signs of heart failure. 

Table 1 summarizes the characteristics of the six patients employed in this study. 

Stock solutions of 1:1000 of t he acetate, propionate, and butyrate* were prepared in ap- 

'Me are indebted to Dr. K. K. Chen for the compounds used in this studv. 
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proxirnately 50 per cent alcohol and of the benzoate, 1:500 in approximately SO per cent 
a coho] . These were further diluted with physiological salt solution immediately before 
injection in the case of the intravenous doses. The oral doses were administered on an 
emptj stomach, well diluted in water and followed bv orange juice. In one instance the 
benzoate was administered in the form of the crystals in a hard capsule. 

Results. The effects of the drugs in all the patients are summarized in 
table 2. There were in all 20 doses, 13 administered orally and 7 by intravenous 
injection. The effects of the 4 compounds tvere compared in terms of their cat 
unit doses. The validity of this procedure is demonstrated by the analysis of the 
data shown in table 3. Although it is well known that different patients may 
show a different degree of ventricular slotting with similar doses of a drug, a 
comparison of intravenous doses which produced substantially similar effects 
shows a fairly close correspondence of the cat unit doses but wide divergence of 
the doses in terms of the weight of the different compounds. 


TABLE 1 


NAME 

ACE 

SEX 

WZICITT 

DtACVOSIS* 

deciee or 
writT r aii. cxi 

Ma Do... 
FrLe . 

Be Pa. . 

A1 Pa. 

52 

M 

lbs. 

136 

A.S., E.H., cor. scler., A.F. 

Sloderate 

6S 

SI 

ns 

A.S., hyper., E.H., A.F. 

Slight 

40 

F 

134 

R.F., E.H., SIX., SI.S., A.F. 

Advanced 

22 

SI 

160 

R.F., E.H., SI.I., SI.S., A.k 

Slight 

Is Po 

Be So 

76 

SI 

119 

A.S., E.H., cor. scler., A.F. 

Sloderate 

51 

F 

10S 

R.F., E II., SI.I., SI.S., A.F. 

Slight 


According to Nomenclature and Criteria for Diagnosis of Diseases of the Heart” of 
t le i ew York Heart Association (1942) . A.S. (Arteriosclerosis); R.F. (Rheumatic Fever); 
Hyper (Hypertension); E.H. (Enlarged Heart); Cor. Scler. (Coronary Sclerosis); MX 
(Mitral Insufficiency); M.S. (Mitral Stenosis); A.F. (Auricular Fibrillation). 

The details of the response in 13 experiments were charted and are reproduced 
in figures 1 to 6. 

Acetate. The effect of the acetate is shown in figure 1. It developed its 
action very rapidly after intravenous injection; the full effect within less than 
30 minutes, the heart rate declining from 114 to 61 a minute. The duration of 
action was quite brief, the effect having practically disappeared within about 
4 hours. Absorption from the gastro-intestinal tract was negligible, less than 
8 per cent. of the dose administered. There is the possibility that more might 
have been absorbed but that the very rapid elimination kept pace with a rela- 
tively slow absorption. The degree of slowing produced by the intravenous dose 
of 6 cat units was substantially similar to what is generally obtained by a similar 
dose of the digitalis glycosides. 

Propionate. The effect of the propionate is shown in figure 2. Its behavior 
was not materially different from the acetate. A somewhat larger intravenous 
dose produced a peak effect in about 10 minutes. Absorption was also neglibible, 
a dose of 90 cat units by mouth producing about as much effect as 6 units by in- 
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travenous injection. Elimin ation was similarly very rapid. The very marked 
effect of the 9 unit dose had worn off within about an hour. This experiment 


TABLE 2 


DREG 


DOSE 

route 

SWJVTIKG or RATE 

APPROXI- 

MATE 

REMARKS 


:.u.* 

Mgm. 



OP EFFECT 








hrs . 


Acetate 

FrLe 

3 


vein 

IS (I14-96)t 

1.5 




6 

1.12 

vein 

53 (114-61) 

4 




37 

7.0 

mouth 

0 




Be Pa 

6 

1.12 

mouth 

0 



Propionate 

Ma Do 

6 

1.54 

vein 

22 (113-91) 

1 




9 

2.32 

vein 

49 (113-84) 

I 




90 

23.16 


20 (113-93) 

4 


ButjTate 


3 

1.28 

vein 

24 (114-90) 





30 

12.8 

mouth 

36 (114-78) 


Nausea, weakness, 








sweating, vomit- 
ing in 38 min- 
utes; recovered 
37 minutes later 

Benzoate 

Al Pa 

4 

10.8 

vein 

19 (118-99) 

5 




6 

16.3 

vein 

56 (118-62) 

8 

Vomited in 26 min- 








utes and in 1.5 
hrs; nausea gone 
in 2 hrs. 



6 

16.3 

mouth 

30 (118-88) 

24 



Be So 

6 

16.3 

mouth 

21 (95-74) 

18 

Nausea in 1 hour 


Is Po 

6 

16.3 

mouth 

19 (97-78) 

10 



Be Pa 

6 

16.3 

mouth 

32 (134-102) 

12 

Vomited in 10 mins. 



6 

16.3 

mouth 

0 


Vomited in 9 mins. 



6 

16.3 

mouth 

52 (134-82) 

48 




6 

16.3 

mouth 

4 (82-7S) 

Given 9.5 hxs. after 








previous dose; 
vomited in 1 .5 
hrs. 



3 

8.1 

mouth 

19 (134-115) 

10 

Vomited in 40 mins. 



6 

16.3 

mouth 

0 


Nausea and vomit- 



1 





ing in 3.5 hours; 
drug given in 
capsule 


* Cat unit values taken from study by Steldt et al. (see ref. 3). 
t Shows level of control rate and during full effect of drug. 


suggests that the persistence of action of the propionate may be shorter than that 
of the acetate, although the difference may be due to other factors. 

Buhjrale. The effect of the butyrate is shown in figure 3. The fact that this 
subject was the same as the one used in the case of the acetate affords a highly 
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TABLE 3 


DOSE 

DSCC 

rrrxcT 

(beats) 

XATtO or DOSES 0 T DECCS 

IK TTXilS Of 

PATIENT 

Cat unit 

| Mgm. 

Cat units 

Mgm. 

3 

mm 

acetate 

IS 

1:1 

1:2.3 

Fr Le 

3 

BUI 

butyrate 

21 



FrLe 

C 

1.12 

acetate 

53 

1:1 

1:14.6 

Fr Le 

G 

1G.3 

benzoate 

5G 



AlPa 

G 

1.5-4 

propionate 

22 

1:0. GG 


Us Do 

4 

10.8 

benzoate 

19 



AlPa 

9 

mm 

propionate 

49 

1:0. GG 

1:7.0 

Ma Do 

G 

mm 

benzoate 

5G 



A1 Pa 



F 10 . 1 (applies to aii figures). Points indicate cither a single ventricular count or an 
average of several. Only the last 7 days of the control period are represented in a space 
of arbitrary size. The points of the control period represent averages for each day. . 
rate line of the control period is drawn at a level representing the average for the / points. 
Just before the dose was injected a ventricular count was taken and recorded to the rigus 
of the first vertical line. The rate changes in the first 0 minutes are represented by broKen 
lines since it is uncertain as to how much of these changes result from disturbances mciacn 
to the injection. After the first day points usually represent averages for the day. ine 
numbers in parenthesis to the left of the term “vein” or "oral "refer to the of the 
experiment and the number of experiments with digitalis materials which have been mi 
in the particular patient. Time is charted logarithmically. 
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Fig. 3 




Ventricular rate 
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favorable basis for comparison of the two compounds. The effect of the in- 
travenous injection was very rapid and developed fully within about 15 minutes. 
The effect of the butyrate also wore off rapidly, within about 2 to 4 hours. This 
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compound, however, showed a rapid and fairly high degree of absorption, the 
full effects of an oral dose developing within about an hour. The oral dose of 30 
cat units (12.8 mgm.) produced vomiting in 38 minutes with recovery about half 
an hour later. In view of the rapid absorption it is not possible to know whether 
the emetic action was local or systemic. Doses of digitalis glycosides as high as 
12.8 mgm. frequently' cause vomiting in man by local action (5). 

Benzoate. Figure 4 shows that by intravenous injection, the benzoate de- 
veloped its full effects in a manner similar to that of the previous compounds. 
Its duration of action was longer, about 8 hours. It showed an unusual degree of 



absorption, nearly the full effect developing within about 2 to 3 hours. It is 
•noteworthy that a high degree of digitalization resulted from an oral dose of only' 
6 cat units. The dose by intravenous injection was more effective than by oral 
administration; the intravenous dose lowered the ventricular rate to 62 as 
against 88 after the oral dose. The intravenous dose also caused vomiting at the 
peak of its effect. These findings suggest that the absorption was not complete, 
although, again, the absorption may have been complete, the difference being 
accounted for by' the fairly- rapid elimination. 

The high degree of absorption of the benzoate is shown in another patient 
Tig. o) in whom the peak effect of an oral dose of digitoxin was nearly matched by 

a 40 per cent larger dose of the benzoate. 

The oral dose of the benzoate was compared with digitalis leaf in a third patient 
(fig. 6). Its absorption was clearly better than that of digitalis. A dose of 6 
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cat units of the benzoate produced nearly the same peak effect as 10 units of 
digitalis. In the first few hours, when the effect of the digitalis was negligible, 
nearly the full effect of the dose of the benzoate had already developed. The 
oral dose of the benzoate frequently caused vomiting, evidently due to a local 
action in some instances since it occurred within about 10 minutes. It migli be 
mentioned that in this patient,- who was in advanced failure, the gastro-intestinal 
tract was unusually sensitive, since she frequently vomited other medications, as 
well as shortly after meals. The slowing of the ventricular rate was attended 
by fairly' pronounced subjective improvement in the symptoms of heart failure, 
but attempts to maintain the improvement by repetition of the doses (arrow on 
fig. G) proved unsuccessful because of her tendency to lose the drug through vom- 
iting. 


SUMMARY 

1. The behavior of 4 synthetic esters of k-strophanthidin, the acetate, pro- 
pionate, butyrate, and benzoate, was explored in a group of patients with au- 
ricular fibrillation and heart failure. 

2. A study was made of their potency, speed of action by intravenous injection, 
persistence of action, absorption from the gastro-intestinal tract, and toxic 
effects. 

3. The relative potencies of the esters by intravenous injection in cats and by 
intravenous injection in man are similar. 

4. The esters produce essentially the same kind of effects as the digitalis 
glycosides in man. In doses corresponding to those of the digitalis glycosides, 
they slow the ventricular rate in auricular fibrillation, and produce nausea and 
vomiting by both a systemic action and a local action in the gastro-intestinal 
tract. There is indication that in suitable doses they may exert a similar action 
on the symptoms of heart failure. 

5. The esters develop their full action after intravenous injection in man, more 
rapidly than the digitalis glycosides in common use, namely, within 10 to 30 
minutes. 

6. The persistence of action of the esters is brief, the effects wearing off within 
a few hours. There is indication, although this point is in need of further study, 
that the benzoate persists somewhat longer than the others. 

7. The absorption of the acetate and propionate from the gastro-intestinal 
tract of man appears to be negligible. The butyrate shows fairly' rapid ab- 
sorption, producing its full effects within about an hour, although the ratio of the 
oral to intravenous dose for a similar effect resembles that of digitalis. The 
benzoate is unusually well absorbed, and there is indication that its absorption 
may be nearly complete, approximating the behavior of digitoxin in this respect. 

8. Although the glycosides of the strophantbus group are so poorly' absorbed 
from the gastro-intestinal tract as to preclude their use by oral administration, 
some of the esters of their aglycones are better absorbed than most of the gly- 
cosides of the digitalis series. Their speed of action offers interesting possibil- 
ities for application in cardiac therapy. The esters deserve more extensive 
investigation. 
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A previous report (1) has shown that a nitro group in the 5-position in the 
furan ring confers definite bacteriostatic and bactericidal activity on a variety of 
2-substituted derivatives. At the present time, sixty-one such compounds have 
been examined for possible therapeutic value in experimental infections in mice. 
One of these, 5-nitro-2-furaldehyde semicarbazone demonstrated a definitely 
beneficial effect in the treatment of both bacterial and trypanosome infections 
in mice by either oral or subcutaneous administration. To date, none of the 
compounds unrelated to the semicarbazone and previously reported (1) as de- 
rivatives of nitrofuran, nitrofuroic acid or nitrofurfuryl alcohol has shown thera- 
peutic action in vivo although practically all of them produced definite bac- 
teriostatic and bactericidal action on both Gram positive and Gram negative 
organisms in vilro. 

The literature on earlier studies of the antibacterial action of furan compounds 
(1) has failed to reveal either the unique action of the nitro group in activating a 
variety of simple furan derivatives, in vitro, or the equally singular in vivo thera- 
peutic effect produced by the semicarbazone group substitution in nitro furalde- 
hyde. For these reasons, as well as the wide interest and possibilities in new 
therapeutic agents of known structure, the antibacterial action of 5-nitro-2- 
furaldehj'de semicarbazone has been extensively studied in vitro and in several 
different infections in mice. While the present paper is intended chiefly as a 
report on these factors, certain studies on the toxicity of the compound neces- 
sary for an evaluation of its therapeutic action in mice are also given. Krantz 
and Evans (2) have, meanwhile, made a detailed investigation of the toxicity 
and pharmacological properties of the compound. 

Structure and properties. 5-nitro-2-furaldehyde semicarbazone is repre- 


sented by the structural formula, 0: N- 


- 0 - 


C II=N — N IICON H- . It is a 


yellow, needle-like solid, slightly soluble in water (1—1200), somewhat more soluble 
in 95 per cent ethanol, and acetone, but virtually insoluble in ether. Analyses of 
various preparations of the compound show that the carbon, hydrogen and nitro- 
gen content agree closely with calculated values. The melting point of the 
compound is not sharp; depending on the rate of heating and possibly other 
factors, the sample when tested in the usual capillary melting tube is observed 
to darken, becomes tarry and finally liquefies in the range of 227-24I°C. The 
compound in aqueous solution has an absorption peak at 3750 A. In the pres- 
ence of alkalies an intense red color is formed in aqueous solution, which dis- 
appears upon acidification. 
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Experimental. The in vitro studies were performed with the organisms listed in table 
1 using beef infusion broth wherever good growth was obtained, and supplemented with 10 
per cent normal horse serum for the pneumococcus. The same medium containing 2 per 
cent glucose was employed for tests on the anaerobes listed. Tests on A*. gonorrhoeas and 
N. mtraccllularis were done however in brain-heart infusion broth containing 10 per cent 
normal horse serum. 

The inoculum, inmost cases, consisted of 20,000 orgnnisms from fresh cultures in the same 
medium used in the test. However, the inoculum used in tests on the Xeisscria strains 
and the anaerobes was 0.1 cc. of fresh cultures of these organisms. 

Ten cc. quantities of the desired concentrations of the drug in the above media were 
inoculated as above. Incubation was carried out for four days at 37°C w ith daily observa- 
tions of the results The tests on the anaerobes were incubated in X ovy jars under the 

TABLE 1 


Baclcnoslatic activity of 6-nilro-£-Juraldchydc scmicarbazonc in broth 


ORGANISM 

IRVUIUU BACTERIOSTATIC 
CONCENTRATION' 1*1 24 norxs 
(50 ITR CENT CONTROL) 

jusTimr concentration* 
noDCcrsc complete 

INHIBITION* toe 4 DATS 

S. aureus (Smith) 

1-100,000 

1- 80,000 

S. hemolyticus (C203) 

1-100,000 

1- 10,000 

S. viridans 

1- 5,000 

>1- 5,000* 

S. feealis 

1- -10,000 

1- 5,000 

S. nnhemolyticus 

1- 40,000 

1- 10,000 

D. pneumoniae I 

1- 40,000 

>1- 5,000* 

N. gonorrhocao 

1-100,000 

1-100,000 

N. intrncellularis 

1-100,000 

1- 40,000 

Pa. pyocyanca 

>1- 5,000* 

>1- 5,000* 

E. coli 

1-100,000 

1- SO, 000 

S. schottmuelleri 

1-100,000 

1-100,000 

S. paratyphi . 

1-100,000 

1-100,000 

E. typhosa 

1-200,000 

1-100,000 

S. dysenteriae 

1-200,000 

1-100,000 

Proteus vulgaris 

1- 20,000 

1- 10,000 

Cl. welehii 

1- 20,000 

1- 5,000 

Cl. tetani 

1- 20,000 

1- 5,000 

Cl. novyi. 

1-200,000 

1- 40,000 

M. tuberculosis (var. hominis-G07). . 

1-200,000 (4S hours) 

1- 5,000 

M. tuberculosis (Gary) 

1-500,000 (30 days) 

1- 40,000 (30 days) 


* Maximum solubility in broth 


proper conditions. Estimations of baetoriostatic action were made by visual comparison 
of the test samples with proper controls. The twenty-four hour readings in table 1 repre- 
sent the minimum concentration of the compound which limited growth to 50 per cent of the 
control growth in that time period. The four-day readings denote the minimum concentra- 
tion which prevented any visible growth. . 

The tests on ilf. tuberculosis were run in 25 cc. of 5 per cent glycerol broth containing 
various concentrations of the compound in 50 cc. Erhlenmeyer flasks. The inoculum was a 
particle of the surface growth of a similar culture floated on to the surface of the test med- 
ium. Incubation was at 37°C for four days with strain 007 and for thirty days with t ie 
Gary strain. Estimations of drug activity were made by comparing the size of the surface 
growth in the test broth with control growth. 

The toxicity studies were done on the CF1Y strain of white mice. The drug was a 
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ministered by stomach tube as a suspension in 10 per cent gum acacia. Observation was 
continued on survivors for a week. Calculation of the LB 50 was done according to the 
formula of Reed and Muench (3). 

The in vivo tests with bacterial infections were done on the CFW strain of mice. Six 
hour cultures of the various species listed in tables 3 and i in brain-heart infusion broth 
containing 10 per cent defibrinnted rabbit blood were diluted in broth or 5 per cent mucin 
so that the quantity and dilutions indicated in the tables contained approximate!}' 100 to 
10,000 lethal doses of the organism. This was usually 0.5 cc. of a 10~*or ICr 1 dilution re- 
spectively as previously determined by titration with higher dilutions. The infection was 
inoculated into the peritoneal cavity. Treatment was started immediately with the drug 
being administered by stomach tube as a suspension in 10 per cent gum acacia, and repeated 
as indicated in the tables. 

Trypanosoma equiperdutu infections in mice and rats were also treated with the drug. 
In both cases, blood from an infected mouse or rat was diluted with broth so that 1.0 cc. 
inoculated intraperitoneally contained 150,000 organisms, Treatment of mice was insti- 
gated by stomach tube twenty-four hours following inoculation. Rats were treated on the 
third day of the infection. 

Results of in vitro tests. Reference to table 1 will show that 5-nitro-2~ 
furaldehyde semicarbazone is bacteriostatic for a number of Gram-positive and 
Gram-negative bacteria in rather low concentrations. Ps. pyocyanca was the 
only organism tested on which the drug had no effect even in a saturated solu- 
tion. The growth of S. viridans and D. pneumoniae was inhibited for 24 to 48 
hours but the maximum concentration possible failed to completely stop growth 
for four days. In general, the compound appeared to be quite effective in limit - 
ing the growth of the other Grain-positive and Gram-negative organisms tested 
with the above exceptions. It was approximately ten times more active on Cl. 
Novyi than on the other two anaerobic species tested. The effect on ill. tuber- 
culosis was more pronounced with the slower growing pathogenic strain (Gary). 

Previous work (1) has shown that concentrations of nitrofuran compounds 
which inhibit all growth for four days were also bactericidal and this was shown 
to be the case also with 5-nitro-2-furaldehyde semicarbazone. It was also shown 
that larger inoeula somewhat reduced the bacteriostatic and bactericidal action 
of the compound but did not abolish it. Further unpublished work revealed 
that the same effect was produced by whole blood and by serum. However, 
the antibacterial activity of the compound on the growth of E. coli is considerably 
enhanced in the presence of a synthetic medium devised by Long and Bliss (4). 

Toxicity. Table- 2 shows the LD50 of seven lots of 5-nitro-2-furaldehyde 
semicarbazone obtained from oral administration to mice. A composite LD50 
calculated by treating all the mice used as a single test is given for comparison. 
The last column presents the data and the calculated LD50 obtained from the 
administration of a mixture of the seven lots. It will be noted that a larger 
variation was obtained in the LD50 from one sample to another than is to be 
expected from a pure compound. Xo explanation is available at the present 
time as the analysis for each lot showed the values for C, II, O and N to be very 
close to the calculated values. However, a comparison of the LD50 value for 
the composite of all seven lots with the value obtained for the mixture of the 
same samples shows exceptionally good agreement. 
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The insolubility of the compound precludes the determination of an LD50 
by intravenous administration ivithout the use of solvents and this was not at- 
tempted for this report. However, 0.5 cc. to 1.0 cc. quantities were adminis- 
tered by this route to mice and rats and a description of the symptoms produced 
is given below. 

The compound was injected subcutaneously into mice and rats as a 10-20 
per cent suspension in gum acacia in doses up to 3 grams per kilogram of body 
weight. This also failed to cause a sufficient number of deaths to allow a calcula- 
tion of an LD50 but did produce symptoms described in the next paragraph. 
The most likely explanation for this failure of such large doses to cause death 
is again the poor solubility of the compound which probabily permits only a very 
slow' absorption from the site of injection. 

The most prominent symptom produced by the administration of 5 -nitro- 2 - 
furaldehyde semicarbazone was hyperirritability. This is observed following 


TABLE 2 

Toxicity of 5~nitro-2-furnldchydc scmicarbtizonc from a single oral dose 


No. mice dead/No. mice used 


DOSE 

LOT I 

LOT 2 

LOT 3 

LOT 4 

LOT 5 

LOT 6 

LOT 7 

couposnx 

jUXTl'K 

mss./k . 










100 

0/10 

2/10 






2/20 


200 

0/10 

1/10 

0/10 

0/10 




1/40 

0/12 

300 

0/10 

3/10 

0/10 

4/20 

l/s 

0/14 

4/20 

12/92 

0/12 

400 

2/10 

2/10 

4/20 

G/20 

1/s 

6/20 

S/20 

29/1 OS 

3/12 

500 

11/20 

10/20 

0/20 

7/20 

1/16 

9/20 

4/20 

41/136 

3/12 

600 

7/10 

S/10 

9/20 

7/14 

5/10 

11/20 

5/20 

52/110 

7/12 

700 



9/10 

6/S 

6/16 

6/S 

7/10 

34/52 

6/12 

LD50 










mgs./k 

460 

4 6S 

54S 

521 

673 

531 

5S2 

545 

5S7 


oral doses of 300 mgs./k. or more and was present after the intravenous injec- 
tion of 1.0 cc. in rats and the larger subcutaneous doses in both mice and rats. 
Death following oral doses occurred from two to forty-eight hours after feeding, 
the majority of animals dying in tw r o to twelve hours. Death was preceded by 
increased hyperirritability, tremors and convulsions and seemed to be the result 
of respiratory failure. Doses of 200-300 mgs./k. repeated every eight hours for 
four days produced a similar sequence of toxic responses. 

Histopathology. Mice and rats fed single doses of 150, 200 and 300 mgs./k. 
were sacrificed thirty-six to seventy-two hours after feeding and specimens of 
vital organs removed and studied microscopically for the presence of possible 
tissue damage due to the compound. 

This study was essentially negative. Sections of brain, heart, lungs, bone, 
kidney, spleen and of the gastro-intestinal tract appeared normal. The only 
possibly significant finding was a slight cloudy swelling of the liver in some of 
the animals. 
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Similar studies on tissues of mice and rats fed 100-150 mgs./k. of the com- 
pound even- eight hours for four to six days also showed only the effect on the 
liver noted above. Wien the compound was incorporated into the daily rations 
of mice so' that each animal received 5 mgs. per 20 gm. of body weight per day 
for four to six days, the histological examination failed to show any abnormalities 
in the above-mentioned tissues, the liver also appearing normal. 

The subcutaneous injection of 3 gms./k. of the compound, although it did not 
cause the death of mice and rats, did produce definite lesions in the fiver and 
kidneys. The sections of liver showed, “an almost complete loss of the normal 
architecture with a swelling of all the cells and a very marked cytoplasmic degen- 
eration. There is also considerable nuclear degeneration.” The sections of 
the kidney revealed, “a marked degeneration of the tubular epithelium, particu- 
larly in the loops of Henle, and the central portions of the tubules contain a pre- 
cipitated protein material.” The other tissues of these animals were normal in 
appearance. 

These studies as well as the more extensive work of Krantz and Evans fai led 
to show any definite physiological or histological evidence as to the cause of the 
toxic symptoms produced by the oral administration of the compound. How- 
ever, massive subcutaneous doses did produce a severe toxic hepatitis and an ex- 
tensive degeneration of the tubular epithelium of the kidney. 

Results of oral therapy of infections in mice. The experiments in the 
following tables which are discussed here are typical examples and have been 
repeated five or six times on each infection. 

Staphylococcus aureus. It will be noted in table 3 that a single oral dose of 
50 mgs./k. of 5-nitro-2-furaldehyde semicarbazone daily for three days protected 
23.3 per cent of the mice infected with 10,000 times the LD50 of S. 
aureus. When the dose of the compound was doubled, approximately twice as 
many animals survived the infection. The maximum therapeutic effect 63,3 per 
cent was reached, however, from a single, daily, oral dose, when 150 mgs./k. 
was administered. Further increases in dosage up to 250 mg./k. seemed to 
have an adverse effect on the survival rate reducing it to about the same per- 
centage obtained with the smaller doses. 

Table 3 also demonstrates that the addition of a second dose of equal size 
twelve hours after the first dose failed to increase the survival rate beyond that 
obtained with a angle dose. Again the maximum effect was noted following a 
dose of 150 mgs./k. Three doses at eight hour intervals produced a marked 
reduction in the survival rate regardless of whether the dose was large or small. 

The effect of the size of the infecting inoculum on the protective action of 
the compound is demonstrated in table 3. ■ Here it will be noted that a one- 
hundred-fold reduction in the inoculum had a yen,' favorable action on the 
effectiveness of the compound, doubling the survival rate of the smaller doses and 
in general removing the apparent optimum dosage effect at 150 mgs. A- noted 
above. 

Streptococcus hcniolyticus. 5-nitro-2-furaldehyde semicarbazone was also ef- 
fective in protecting mice infected with hemolytic streptococci. The data in 
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tabic 3 show that single, daily, oral doses of from 50 to 150 mgs./k. for three 
days protected from 26.7 to 76.7 per cent of the animals. Hon ever, an adverse 

TABLE 3 

Oral therapy of S aureus and S hcmolyticus tnfeettons m mice with 5 ntlro S-furaldchyde 

scnucarbazone 

Organisms 5 aureus (Smith) and S hcmolyticus (C-203). 

Culture 6 hours in 10% r.ihbit blood broth 
Infection injected lntrapcntoncnllj 

Treatment orallj immediate!} after infection 


NO or MICE 

DOSE UCS /k. 

S AlttEt* 

NO or If ICE 

s nruGLvncrs 

Culture 

dilution 

Per cent 
sur\ i\al* 

Culture 

dilution 

Vci cent 
survival* 

Thcrapj single daih do«*e for 3 da\ s 

mm 

50 

10-< 

23 3 


10-' 

20.7 


100 

10-‘ 

40 0 


10-» 

70 0 

*1 

150 

10-< 

03 3 


10-‘ 

76 7 


200 

10-< 

3G 7 


10*' 

03 3 


250 

10-' 

40 0 


10-* 

70 0 


50 

10-* 

53 3 


10-’ 

53 3 

30 

75 

10-' 

SO 0 


Id* 5 

GO 0 

30 

100 

10-» 

S3 3 


10- : 

53 3 

30 

150 

10-« 

70 0 


10~ : 



Therapy two doses at 12 hour intervals for 1 dnv 


30 

25 

10-' 


■ 

10-» 


30 

50 

10-' 



10- 5 

23 3 

30 

75 

10-' 


■ 

10- s 

KM 

30 

100 

10-* 



10*' 

§mXm 

30 

150 

10-* 



10" s 

50 0 


Therapy three doses at S hour 

inteivals for 1 da} 


hip 

25 

10-' 

10 7 


10- 5 



50 

10-' 


■ 

10- 5 



75 

10-* 


I 

10- 5 


9 

100 

10-< 



10-‘ 

M 



Untreated Controls 



90 


10-' 

0 

90 

10' 5 

0 

37 


10-' 

0 

30 

10-‘ 

0 

75 


10-« 

0 

00 

10-’ 

0 

45 


10 -^ 

42 2 

25 

10 -' 

10 0 

45 


10~ 8 

40 7 

25 

10 -’ 

52 0 










* 10 da>s after inoculation 


effect was noted as before w hen eithei a large or a small dose was administered 
at twelve or eight hour intervals. A compaiison with the previous data on . 
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aureus shows that the compound is more effective on the streptococcic infection, 
although the difference is not marked. Also, the optimum dosage effect noted at 
150 mgs./k. in therapy of S. aureus infection, is not so apparent with this infec- 
tion, for while the highest survival rate was obtained with 150 mgs./k., the in- 
crease at this dose is probably not significant. In contrast also, a decrease in the 
size of the inoculum of the infecting organism failed in this case to increase the 
effectiveness of the compound as was the case with S. aureus infections. 

Pneumococcus. Experiments similar to those on S. aureus and 5. kemolylicus 
were done using types I, II, and III D. pneumoniae. The compound had no 
significant effect on the course of pneumococcus infections in mice regardless of 
the size and number of doses of drug administered, or of the infecting inoculum. 

Salmonella infections. The data in table 4 show that 5-nitro-2-furaldehyde 
semicarbazone is also effective in protecting mice infected with the Gram nega- 
tive species Salmonella scholtmulleri and Salmonella aerlrycke. Both infections 
are about equally sensitive to the effect of the compound, comparative doses 
producing approximately equal survival rates. As was noted with other infec- 
tions discussed previously, the maximum effect on an infection with approxi- 
mately 10,000 lethal doses was obtained with a single, daily dose of 150-200 
mgs./k. which protected around 60 per cent of the mice with either infection. 
As previously noted also, multiple doses failed to increase the survival rate or 
definitely decreased the protective action. In both of these infections the drug 
was markedly more effective when the infecting inoculum was reduced to 100 
lethal doses. A further comparison of these data with the results obtained on 
therapy of staphylococcus and streptococcus infections reveals the compounds 
to be about equally effective on the Gram negative species in vivo as on these two 
pyogenic forms when the larger inoculum was employed and slightly more effec- 
tive on the smaller inoculum of the Gram negative species. 

Trypanosoma equiperditm. Table 5 demonstrates the effectiveness of 5-nitro- 
2-furaldehyde semicarbazone in the therapy of Trypanosoma cqmperdum in- 
fections in mice and rats. In mice, a single oral dose of 40 mgs./k. of the drug 
given twenty-four hours after infection, when numerous trypanosomes could be 
found in the blood, completely cleared the blood in 24-36 hours, although only 
10 per cent of the mice survived the test period. In the other animals, the infec- 
tion was not cured and relapse occurred in from four to fourteen days. However, 
larger doses increased the survival rate and the highest dose tried, 150 mgs./k., 
protected 73.3 per cent of the test animals for the entire test period of three 
weeks. At the end of this time, a further attempt to demonstrate trypanosomes 
was made. Five animals were killed and their spleens removed and minced in a 
small quantity of broth which was then injected into the peritoneal cavity of 
normal mice. All of these latter animals survived for three weeks and no 
trypanosomes were observed in stained blood smears made at frequent intervals. 

The compound was more effective in therapy of the infection in rats. A dose 
of 20 mgs./k. cleared the trypanosomes from the blood in 24-36 hours and the 
survival rate from comparative doses was greater than with mice. In addition, 
100 mgs./k, protected 100 per cent of the animals so treated, the only instance 
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in all the therapy presented here in which complete protection of all animals on 
a given dose was obtained. 


TABLE 4 

Oral therapy of S. schottmullcri and S. acrtryckc infections in mice i cilh 5 -nitro -2 -fur aldehyde 

semi carl ozone 


Organisms: S m schotlmullcrt and S. aertryckc. 
Cultures: 6 hours in lO^r rabbit blood broth. 
Infection: injected intraperitoneallv. 
Treatment: orally immediately after infection. 


NO. or MICE 

DOSE MCS./K. 

S. sen OTT mCT. LERI 

NO. or MICE 


Culture 

dilution 

Per cent 
sur\ ivil* 

Culture 

dilution 


Therap}': single daily dose for 3 days 

mm 

50 

10-‘ 

13.3 



2S.3 


100 

10~* 

23.3 



1S.3 


150 

10-‘ 

5S.3 


■ • 

60.0 


200 

10 s 

01.7 



63.3 


250 

10-‘ 

33.3 



•10.0 


50 

10~ 7 

10.0 



36.7 


75 

10-’ 

83.3 


10- 7 

56.7 


100 

10- 7 

73.3 


10~ 7 

SO.O 

MM 

150 

I0- 7 

03.3 


10* 7 

93.3 


Therapy: 2 doses at 12 hour intervals for 1 day 


gPi 

25 

10-* 

■ 


10’* 



50 

io-» 


HI 

10-‘ 



75 

10-* 

■ 

■ 

10- 5 



100 

10-* 


■ 

10"* 

0 

Kill 

150 

1Q-* 

66.7 | 


10-‘ 

6.7 


Therapy. 3 doses at S hour intervals for 1 day 



25 

10-* 

! 6.7 

1 

io-* 


■pH 

50 

10-* 



10"* 



75 

io-* 



10-* 



100 

io-* 

56.7 


10-* 

B sb 


Untreated Controls 



10 -* 

0 

120 

io-* 


10 -* 

0 

20 

io-* 


10- 7 

0 

60 

io - 7 


10 -* 

3.6 

20 

io-* 


10 -* 

20.0 

10 

io-* 


* 10 days after inoculation. 


Spirochetal Infections. The compound failed to influence the course of re- 
lapsing fever infections with Spirocheta novyi in rats. The appearance of 
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spirochetes in the blood following intraperitoneal inoculation could not be pre- 
vented by oral doses up to 300 mgs./k., and repeated doses neither limited the 
number found in the blood nor affected the length of time they remained as com- 
pared to control animals. 

Preliminary experiments with Treponema pallidum indicate that the compound 
is active on this spirochete. Using the method of Eagle (5), spirocheticidal ac- 
tivity was observed in vitro, and oral therapy has afiected both the darkfield find- 
ings and the appearance of scrotal lesions in rabbits. Detailed information on 
these experiments will be published when the experiments are completed. 

TABLE 5 

Oral therapy of T. equiperdum infection in mice and rats with 5-nilro-2-furaldehyde 

semicarbazone 

Organism: Trypanosoma equiperdum. 

Infection: 150,000 organisms injected intraperitoneally. 

Treatment: mice: single oral dose 24 hours after inoculation. 

rats: single oral dose on third day after inoculation. 


NO* or MICE 

DOSE 

SURVIVAL TOR 

3 WEEKS 

NO. Or RATS 

DOSE 

SURVIVAL 70R 

3 WEEKS 


ntgs./k. 

ptr cent 


mgs./k. 

per uni 

10 

10 

0 

10 

10 

0 

40 

20 

0 

10 

15 

0 

20 

30 

0 

15 

20t 

6.6 

40 

40* 

10.0 

30 

25 

23.3 

20 

50 

15.0 

10 

30 

0 

20 

60 

50.0 

15 

40 

33.3 

20 

80 

40.0 

20 

50 

85.0 

40 

100 

62.5 

15 

60 

33.3 

15 

150 

73.3 

15 

70 

66.6 

130 

None 

0 

15 

80 

86.6 




15 

90 

86.6 




35 

100 

100.0 




40 

None 

0 


* Cleared blood of 60% of mice, 
f Cleared blood of all rats. 


Diet Therapy. Mice infected with approximately 10,000 lethal doses of 
Streptococcus hemolylicus were also treated with 5-nitro-2-furaIdehyde semicar- 
bazone administered as a part of the daily rations. The compound was mixed 
thoroughly with ground Purina mouse ration in the percentages shown in table 6. 
Immediately following inoculation the mice were given access to the drug-diet 
mixtures for periods from two to four days as indicated. Previous experiments 
with normal mice had demonstrated the percentages of compound and the 
quantity of food to be used in order to administer the calculated dosage of com- 
pound per mouse each day as indicated in table 6. It has been noted previously 
that normal mice fed the drug as a part of the daily ration for four days showed 
no symptoms of toxicity, nor did their tissues reveal any damage which could be 
attributed to the compound. 
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The data in table 6 indicate that the compound produced a therapeutic effect 
by this method of administration comparable to the results obtained when similar 
doses are given once a day by stomach tube, although the latter method was 
somewhat more effective. Again it was found that a daily total of drug equal 
to 150-200 mgs./k. of body weight gave a higher percentage of survival than 
larger quantities. Further experiments with this method of administration in 
which the drug-diet will be instigated before inoculation will be presented at a 
later date. 

Subcutaneous therapy. It has already been shown that 5 -nitro- 2 -furaldehyde 
semicarbazone is much less toxic when injected subcutaneously or intramuscu- 
larly than by oral administration. It has been suggested that this decrease in 
toxicity may be due to the low solubility of the compound, the intestinal contents 
providing a sufficiently larger quantity of solution than would be available at 
the site of an injection of the material so that absorption in the former instance 
is more rapid. 


TABLE C 

Diet therapy of S. hemolylicus infection in mice with S-nilro-S-furatdehydc scmicariacone 
Organism: Streptococcus hemolylicus. 

Culture: 6 hours in 10% rabbit blood — brain heart infusion broth* 

Infection: 1.0 cc 10"* culture dilution injected intraperitoncally. 

Treatment: administered as part of daily ration. 


no. or 

DOSE 

MOUSE 

TE* CENT | 

NO. 

DAYS 




NO. SURVIVING XN DAYS 




SURVIVAL 


DAY 


TED 

l 

2 

3 

4 

5 

6 . 

7 

6 

9 

10 


■ 

ISO 

0.09 

3 

22 

22 l 

i 

22 

22 

i 

20 

20 

is 

IS 

IS 

IS 


■9 

200 

0.125 

2 

29 

24 

21 

IS 

IT 

1G 

1G 

10 

1G 

m 


m 

200 

0.125 

4 

29 

25 

21 

21 

19 

19 

19 

19 

19 

1 19 


m 

300 

0.180 

3 

I 17 

15 

H 

m 

13 j 


13 

13 

t 13 


19 


Preliminary experiments on the therapeutic effect of the compound by either 
the subcutaneous or intramuscular route have demonstrated that much larger 
quantities of the compound are required for protection of mice infected with 
hemolytic streptococci or Trypanosoma equiperdum. In the former infection, 
single doses of 500 mgs./k. of body weight gave 00 per cent survival, while 100 
mgs./k. once daily for three days produced a survival rate of 90 per cent in 
trypanosomiasis. Further experiments using several solvents in an effort to 
increase absorption will be reported later. 

Discussion. The foregoing experiments illustrate the therapeutic action of 
5-nitro-2-furaldehyde semicarbazone orally on the course of infections in mice 
with Staphylococcus aureus, Streptococcus hemolyticus, Salmonella schotlmfdlcn 
and Salmonella aertrycke. Similar experiments have been performed on a total 
of two to three thousand mice with each infection using certain variations of the 
dosage and treatment intervals described here with approximately the same 
results. 
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In view of this rather extensive trial the activity of the compound seems to be 
definitely established. However, no chemical test for the presence of the com- 
pound in body fluids is available and attempts to demonstrate antibacterial ac- 
tivity in the blood of treated animals using the methods of Hammelkamp (6) 
and Rake and Jones (7) for the assay of penicillin have failed. This imposed a 
purely arbitrary selection of dosage and treatment interval so that these data 
possibly do not represent the maximum effectiveness obtainable with an intelli- 
gent use of the drug based on knowledge of its absorption, elimination and mode of 
action. For example, the consistent failure of repeated administration of the 
compound to increase the survival rate beyond that obtained with single doses 
as noted in these experiments may not be the result of the action of the com- 
pound, and adjustment of dosage and time of administration based on knowledge 
of blood levels and elimination may explain this apparent discrepancy. 

It is difficult, though, to explain the apparent maximum effect of 00-70 per 
cent survival in certain infections obtained with a single, daily dose of 150-200 
mgs./k. of body weight while larger doses either failed to increase the percentage 
survival or even reduced it. This is rather unexpected since doses of up to 300 
mgs./k. do not produce a high mortality rate in normal mice nor do they cause 
toxic symptoms other than hyperirritability. In addition, infected mice treated 
with these larger doses which fail to survive, die with symptoms of infection, 
rather than toxicity, and blood cultures revealed the presence of numerous or- 
ganisms similar to the findings with untreated animals. 

The relatively poor bacteriostatic effect of the compound on D. pneumoniae 
and the absence of any bactericidal effect in vitro suggest that the negative 
results obtained in the attempted therapy of pneumococcus infections in mice 
are probably due to the lack of susceptibility of this organism to the drug and 
further information leading to more intelligent dosage will probably not increase 
the survival rate from pneumococcus infections. 

The adverse effect of a large inoculum of the infecting organism on the anti- 
bacterial activity in vivo has been noted. This was more outstanding in the 
infections with the Gram negative organisms. The same action of large inocula 
of organisms has been previously noted on the in vitro action of the compound 
and further work has shown a similar effect to be exerted by blood and blood 
serum, the former being more active in this respect although neither substance 
entirely abolishes the antibacterial action of the drug. Studies on the mode of 
action of the compound are now too incomplete to proride an adequate explana- 
tion for this phenomenon. Experience with other antibacterial substances sug- 
gests the possibility of antagonistic substances common to blood and certain 
bacteria which inhibit the activity of the compound, but it is also possible from 
evidence obtained from preliminary’ biochemical tests with the compound in 
blood that tliis effect may r be due to chemical changes in the compound itself 
resulting in tliis modification of its action in the presence of blood. 

.Perhaps the most striking effect of the compound is its trypanocidal action. 
The fact that it is effective by’ the oral administration of a single dose is very 
rare among trypanocidal compounds, most of which must be gis'en parenterally’. 
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Furthermore, a calculation of the therapeutic index for mice using 50 per cent 
values E' vcs a ratio of 9 for the compound, while for rats, calculation of 

( c D 1 0 o ) resu ' ts * n a rat *° °f 8, indicating in both instances a satisfactory margin 

of safety between the therapeutic and toxic dose of the compound. In addition, 
much smaller doses are effective in removing trypanosomes from the blood of 
mice and rats and it is probable that repetition of these smaller quantities would 
prove to have a curative effect thereby further increasing the margin of safety 
for the compound. 

Furacin in a suitable base has already been shown by Snyder, Kielin and 
Christopherson (S), McCollough (9) and by Shipley (10) to be effective clinically 
in the treatment of infected wounds and surface lesions by local application. 
Further work is now being done on the tolerance and clinical effectiveness of the 
drug after oral administration. 

It is also interesting to note that while an extension of the previous work to 
include several hundred compounds has further demonstrated the property of a 
nitro group in the 5-position to confer antibacterial activity tn vitro on a variety 
of simple furan compounds an examination of approximately one-half of these 
compounds for a similar action in vivo following oral administration has shown 
only those closely related to the semicarbazone to be effective. 


SUMMARY 

1. 5-nitro-2-furaldehyde semicarbazone was shown to exert nntibacterial ac- 
tion in vitro on a variety of Gram positive and Gram negative species of bacteria, 
also upon M. tuberculosis. 

2. The LD50 of the compound following oral administration to mice was de- 
termined on seven samples. It was also found that the chief symptom of toxicity 
from either oral or parenteral use in rats and mice was hyperirritability. 

3. Lethal doses of the compound produced no definite histopathology when fed 
to mice and rats, but subcutaneous injections of large doses produced marked 
changes in the structure of the liver and kidneys. 

4. 5-nitro-2-furaldehyde semicarbazone was effective by oral administration 
in protecting mice infected with Staphylococcus aureus, Streptococcus hcmolyheus, 
Salmonella schollmullcri and Salmonella acrtryckc. It was ineffective against 
pneumococcus infections. 

5. The size of the infecting inoculum was shown to affect the survival rate 
obtained, especially with Gram negative species. 

6. Single oral doses of the compound had a marked therapeutic effect on in- 
fections with Trypanosoma equiperdum. 

7. The compound was not effective in the therapy of infections in rats wit i 
Spirochcta novyi. Preliminary experiments showed the compound to be netne 
in vitro on Treponema pallidum and the dark-field findings and course of scrota 
lesions in rabbits infected with this organism were modified. 

8. The subcutaneous injection of 5-nitro-2-furaldehyde semicarbazone also 
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protected mice infected with Streptococcus hemolyticus and Trypanosoma 
equipercum- 

9. 5-nitro-2-furaldehyde semicarbazone was also effective in the therapy of 
mice infected with Streptococcus hemolyticus when fed as a part of the daily 
ration. 

Acknowledgment is hereby made of the advice and assistance in accomplishing 
this work of Dr. D. L. Cramer and Dr. F. W. Hartmann and technical assistance 
of Elizabeth Strippel and Margaret Chartres. The compound was prepared by 
the Synthetic Organic Division of these laboratories. 
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Principle. Quantitative estimation of 2,2 bis (p-chloropkenyl)-l,M 
trichl or oe thane or DDT depends on the toxic response of the common house fi}', 
Musca domestica. This toxic response is characteristic for DDT and can be 
sharply differentiated from the effects of isomers or degradation products, in- 
cluding DDA (di (p-chlorophenyl) acetic acid) (1). When the insect walks over 
a glass surface upon which DDT has been deposited by evaporation of a solvent 
such as ether, characteristic symptoms supervene within one or two hours. The 
fly is so sensitive to DDT, that under proper conditions exposure of 100 indi- 
viduals to a glass surface containing 5 micrograms causes about 50 per cent 
mortality. This LD50 is of the order of 0.05 microgram/20 mgm. fl} r or 2»5 
mgm./kgm. of flies. Quantitation is made on the basis of the familiar dosage- 
mortality relationship which is established for 4 to 0 dosage levels. 

Culture and methods for handling the insects. The methods evolved for this 
study have proved to be fairly convenient and useful. Better methods will undoubted!}’ 
suggest themselves to those versed in procedures in entomology. Ordinary house flies 
are placed in five-gallon museum jars containing a 2-inch layer of rabbit manure mixed 
with pieces of ground horse meat. During development of the maggots frequent additions 
of meat are made together with sufficient water to keep the breeding matrix moist. The 
jars are covered with copper screen and kept in a hood ventilated by an exhaust fan. A jar 
produces approximately 4000 flies. Six generations of flies have been bred from the origi nfl ^ 
stock without the addition of “new blood.” Within a few hours after a batch of flies has 
emerged from their puparia, they are transferred to a 10-liter capacity wire mesh cone. 
About 3000 flics can be thus housed until ready for assay. They are fed on sucrose solution. 
In general, most consistent and reproducible assays are made with flies used soon after 
emergence. Flies allowed to become older than a week usually give unreliable results, 
characterized chiefly by a rise in the mortality of the controls. 

Isolation of »dt from biological material. Extraction of DDT from tissues or 
excreta of animals poisoned with DDT is made with ether. Wet or dehydrated (NasSO*) 
tissues are pulped with a small quantity of washed sea sand in a mortar. Successive 30-ml. 
portions of ether are added, thoroughly mixed with the tissue brei and decanted into a 
volumetric flask of appropriate size. By careful decantation perfectly clear ether extracts 
can be prepared which require no filtering. In the case of fluids such as blood, urine or bile, 
successive ether extractions are made in separator}' funnels. Emulsions can usually be 
abated with a few drops of absolute alcohol. On the basis of preliminary orienting tests, 
an aliquot of the ether solution containing 2.5 to 10 micrograms of DDT is evaporated in 
the test flask. The residue after evaporation of the ether will contain besides DDT varying 
amounts of fat or other ether-soluble tissue extractives. Excessive amounts of these 

1 A portion of the funds used in this investigation was supplied by a transfer, recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Division of Pharmacology of the Food and Drug Administration. 
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residues have been found to interfere with the assay by contributing substances which 
are toxic to flies. In practice, it has been found that ether extract residues from more than 
0.5 to 1.0 gram of tissue, particularly liver and kidney, make the DDT assay unreliable. 
This, in effect sets the lower limits of DDT determinable in these tissues at about 2.5 p.p.m. 
Fortunately, the toxic effects of tissue extractives on the fly can be sharply differentiated 
from those of DDT: ‘‘Tissue toxicity” in the fly is slow in onset and produces torpidity; 
DDT toxicity occurs early and produces an excitatory reaction. By means of this expedi- 
ent it has frequently been possible to gauge roughly amounts of DDT smaller than 2.5 
p.p.m. in tissues. 

Assay procedure. The flies are exposed to DDT in a wide-mouthed Erlenmeyer 
“beaker flask” of 250-ml. capacity. This test vessel has straight sides forming an acute 
angle with the base, which is a flat surface of about 40 (cm.) 5 area. Upon this surface DDT 
is deposited by evaporation of an ether solution containing either the standard or the 
unknown. A gentle jet of filtered air is used to drive off the ether, heat being avoided. 
Aqueous residues resulting from condensation of water must also be completely removed. 
One test flask is prepared for each unknown; 10 to 20 such samples can be run conveniently 
at one time. With each group a series of 4 to 6 test flasks containing known amounts of 
DDT must be included for construction of the standard assay line. After the test vessels 
have been prepared with DDT residues they are weighed to the nearest 0.01 gram and are 
then ready to receive the flies. One hundred flies are transferred to each flask by counting 
them as they file singly through a small hole in a celluloid funnel. This funnel is connected 
to a wire mesh, storage cone, capable of containing approximately 3000 flies without undue 
crowding. The test flask with its 100 flics is quickly capped with a perforated filter paper 
and again weighed. The flies are then allowed to remain in the flasks overnight for about 
20 hours. At the end of this time the mortality ratio is obtained by separate count of the 
living and dead insects. All flics which are still living, but too helpless to walk or fly 
(about 10 per cent) are arbitrarily counted as dead. 

Calculation's. When the standard doses of DDT, expressed as mgm./kgm. of flies are 
plotted against the corresponding mortality ratios, the points will determine a sigmoidal 
dosage-mortality curve. However, when the dosage is expressed in logarithms, and the 
per cent mortality in probits, according to the method of Bliss (2), the sigmoidal curve is 
converted to a rectilinear one. In each assay this relation between “probit kill” and log- 
dose is determined by 4 to 6 points which lie approximately in a straight line. The best 
straight line through the points is drawn on the basis of visual inspection. For additional 
refinement the line may also be calculated by the method of least squares. This, however, 
iB probably not justified in view of other errors which may be of more consequence. Un- 
known amounts of DDT are calculated graphically by reference to the standard assay line 
which must be constructed for each set of determinations. 

CONDITION'S AFFECTING THE D OS AGE-MORTALITY LINE. With the exception of 

the sex ratio to be discussed later, the physical conditions under which standard 
and unknown were run were identical. The conditions adopted for the assay 
were as follows: 100 flies were exposed to DDT residue for a 20-hour period 
beginning in midaftemoon and ending in midmoming of the following day. De- 
pending on the season of the year, exposures were approximately 8 to 10 hours 
in natural light and 10 to 12 hours in darkness. During the summer the flies 
were exposed in a constant temperature room at 21 °C. and in the winter at room 
temperature 25°C. ± 1 C C. With the exception of urine all DDT residues were 
in a dry condition when the flies were brought into contact. The sensitivity of 
this assay, ns reflected in changes of the LD50 and slope of the dosage-mortality 
line, was significantly affected by variations in the physical conditions. Some 
of these are to be considered below. 
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(a) Rate of uptake of DDT by the fly. Batches of 100 flies were exposed to 10- 
microgram residues of DDT for 1, 2, and 4 hours, at the end of which time 

ey were transferred to clean flasks and the mortality ratios determined after 
20 hours. Wien the mortality ratio was plotted against the time of contact, 
e relationship was best described by a sigmoidal curve, as shown in figure 1. 
xposure of a fresh batch of flies to each of the residues showed that the“2and4 
hours flies” had removed all of the DDT, while the “* and 1 hour flies” had left 
cient DDT to produce mortality ratios of 47 and 14 per cent respectively. 
Complete recovery of all of the DDT was precluded bv the limitations on the 
sensitivity of the method. 

(b) TI eight of the fly. In the course of application of this method to biological 
ma na s, a total of 39 assays were run. For each assay a dosage-mortality 



HOURS EXPOSURE 

Fig. 1. The Hate of Uptake of DDT by the Fly 

line was laid off through 4 to 6 points. Such representative lines can be seen 
in figure 2. It soon became apparent that considerable variations in the param- 
eters defining the dosage-mortality line occurred from one assay to the next. 
Thus, for the slope the extreme range was 2.4 to 6.8 probits per log dose; for the 
LD50, 1.3 to 3.8 mgm./kgm. Plotting the average body weight of the flies in 
each batch against the corresponding LD50 of each dosage-mortality line showed 
a significant positive correlation between them (r = -f 0.8S). The equation de- 
scribing the relationship, as calculated from the data of 39 assays, is as follows: 

LD50 = 0.000038 X (weight) 1 - 4 

where LD50 is expressed in micrograms and the weight of the fly in milligrams. 
Stated in another way this -means that more DDT is required to kill a kilogram 
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of “heavy” flies than it does a kilogram of “light” flies. Similarly, plotting the 
average body weight of the flies in each batch against the corresponding slope of 
each dosage-mortality line, there was shown to be a significant positive correla- 
tion (r = +0.40). Without describing the relationship by an equation, it can 
be stated that this indicates that as the average body weights of the flies in a 
batch tend to increase, the slopes of the corresponding dosage-mortality lines 
tend to become steeper. 

(c) Length of the assay period. While it has been shown that flies take up all 
of a toxic dose of pure DDT residue within 4 hours, there is a lag in the appear- 
ance of toxic symptoms in many of the insects. Furthermore, it has been shown 
that the presence of tissue extractives frequently delayed the uptake of DDT. 
For these reasons all exposures were made over a 20-hour period. Nevertheless, 
because of the delayed “tissue toxicity” that occurred after 10 to 15 hours, it 
seemed desirable to explore the possibility of circumventing this eflect by shorter 
exposures. It was found that the advantage gained by reduction of the toxic 
tissue effect was offset by loss in effective DDT toxicity. For example, the 
- LD50 of a 7-hour assay curve was 4.6 mgm./kgm. as compared with the LD50 
of 2.6 mgm./kgm. of a 20-hour assay curve. See figure 2, C. 

(d) Moisture. Addition of small quantities of moisture to a DDT residue 
shortened the toxic induction period and produced a very measurable decrease 
in the LD50. See figure 2, D. With the exception of the urine this technique 
was not adopted in the assay procedure because when tissue residues were pres- 
ent, moisture seemed to enhance the “toxic tissue effect.” In the case of urine, 
however, it was found that dry residues in some way interfered with the DDT 
getting in contact with the feet of the fly. Only by addition of 0.1 ml. water to 
each urine residue was it possible to recover added DDT. 

(e) Temperature. Lowered temperature made the flies much more sensitive 
to DDT. While all winter assays were run at 25°C. ± 1°C., the high s umm er 
temperatures of 32°C. and higher made it necessary to run all assays during this 
period in a constant-temperature room set at 21 °C. See figure 2, E. 

(f) The effect of light. Natural light as compared to darkness made the flies 
more sensitive to DDT. It is presumed that the effect of light is not specific, 
but simply keeps the insects stimulated and thus more liable to frequent contact 
with the DDT. See figure 2, F. 

(g) Sex ratio. The sex ratio of the flies bred for these experiments tended to 
be unity. It is well-known, however, that segregation of the sexes tends to occur 
when the insects are permitted to choose a path of egress from a container. 
Thus, when a full storage cone was gradually emptied by counting out groups of 
100 flies into a series of say 30 test flasks, it was found that the sex ratio might 
favor males over females by 7 to 3 in the first 10 flasks, but tended to favor fe- 
males over males in the last 10 flasks. In Fig. 2, G are shown two dosage-mor- 
tality curves in which there was a marked difference between the sex ratios. 
Since the average male fly is lighter than the female, it is to be expected that 
the LD50 for the 75/25 ratio batch would be lower. This is in keeping with the 
observations made earlier in the paper. These data should not be taken as 
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excluding the possibilit}' that we are dealing here also with an intrinsic sex factor 
which is independent of weight. It is recognized that this type of variable con- 
dition which obtains unequally for standard and unknown may help to explain 
some of the erratic results encountered occasionally. Certain obvious means of 



Fig. 2. Conditions Affecting the Dosage-mortautv Line 

mitigating this source of error have been tried, such as ta kin g as reference an 
average dosage-mortality line constructed from two dosage-mortality lines, one 
at the beginning and one at the end of each assay. 

(h) The Blank, or control mortality ratio. In all assays, several control flasks 
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of flies were carried through the 20-hour period in order to determine the behavior 
of the insects. If the insects were “young,” properly fed and watered there were 

TABLE 1 


The LD50 of DDT and related compounds for Musca domestica 


COMPOUND 

LD50 


mgm /kgm. 

DDT 

2,2 bis (p-chlorophenyl) -1,1,1 trichloroethane.. 
DDA 

2.23 (average 39 assays) 

di (p-chlorophenyl) acetic acid 

500 (greater than) 

2,2 bis (p-chlorophenyl) 1,1 dichloroethylene 

500 (greater than) 

di (p-chlorophenyl) ketone 

500 (greater than) 

p-chlorobenzoic acid . . 

DDT (o 7 p, isomer) 

500 (greater than) 

2,2bis (o,p elilorophenyl) 1,1,1 trichloroethane. 
DDD 

35-55 

2,2 bis (p-chloiophenyl) 1,1 dichloroethane 
Gammexane 

21 

Gamma hexnchlorobenzene . 

0.5-0. 7 


TABLE 2 


.4 comparison between the chemical and biological method for determining DDT 


SAT NO 

S CHECH TER COLORIMETRIC* 

BIOLOGICAL ASSAY 

Assay 1 j 

Assay 2 


Mgm. DDT per gram perirenal fat from animals fed DDT 

1 

3.0 

3.7 

2.0 

2 

3.9 

4.4 

5.3 

3 

2.2 

2.2 

2.0 

4 

3.2 

3.8 

2.8 

5 

2.5 

2.0 

2.2 

6 

3.2 

2.6 

2.8 


Mgm. DDT per 100 ml. DDT solution subjected to ultraviolet 



deterioration 



356 

445 

540 


743 

640 

751 


641 

377 

469 


1320 

1105 

1300 


2S30 

1764 

2280 


* These analyses were made by Mr. P. A. Clifford, Food Division. 


usually no deaths among a group of 100 flies. Occasionally mortalities of as 
high as G per cent \\ ere observed, but when they reached 10 per cent or more there 
was reason to suspect the reliability of the entire assay. 
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The toxicity or DDT and related compounds. In table 1 are given the 
LDSO's of a number of substances, some of which could possibly occur as degrada- 
tion products of DDT in the organism. Ob\ iously this assay method for DDT 
w ould prove useless if any of them had toxicides of the same order as DDT. From 
the results it can be seen that none interfere since they all have a toxicity of a 
different order. It should be noted that DDA, a proved metabolite of DDT is 
practically nontoxic. Because of the difference between the p,p and o,p isomers 
of DDT (the latter being a frequent contaminant of the commercial product) 
this assay method suggests a means of assessing the purity of DDT preparations. 


TABLE 3 

The recovery of DDT added to rab&ii and raf ftssnes and ra66t{ unne 


SPBSTASCE 

MIOtD*T 

DDT APPED M1CVOCXAM5 

DDT tccovrtEO 

ifICXOGKAVS 

Urine 

20 mi 

7 7 

7 2 

Urine 

20 ml 

7 7 

6 2 

Blood 

S ml 

10 0 

7 8 

Kidney 

4 3 gms 

10 0 

10 1 

Liver 

4 8 gms 

10 0 

10 7 

Liver 

3 6 gms 

100 

89 

Kidney 

0 GG gms 

100 

105 

Liver 

2 SS gms 

100 

84 

Kidney 

0 59 gms 

100 

99 

Liver 

S 61 gms 

100 

91 

Kidney 

2 19 gms 

50 

50 

Liver 

5 04 gms 

50 

44 

Kidney 

2 71 gms 

25 

21 

Liver 

S 47 gms 

100 

64 

Liver 

6 32 gms. 

50 

52 

Kidney 

2 57 gms 

25 

13 

Liver 

5 S3 gms 

25 

12 

Spleen 

0 55 gms 

20 

21 

Spleen 

0 5G gms 

25 

22 

Liver 

2 09 gms 

100 

170, 137 

Muscle 

1 00 gms 

25 

26 

Spleen 

0 So gms 

25 

32 






Gammexane, of course, leads the list in toxicity and could not be differentiated 
by this method if it were mixed with DDT. 

Results. The biological assay method was compared with the Schechter 
colorimetric method (3). Some results are presented in table 2. The bio-assays 
were done in duplicate, using different batches of flies In the case of DDT in 
perirenal fat, the two methods show essential agreement. In the case of the 
deterioration samples, the chemical method tended to give somewhat higher 

results . , 

In table 3 are given some data on the recovery of DDT added to urine and 
tissue. While these experiments, of course, do not decide whether it is possible 
to extract completely DDT residing in tissues of poisoned animals, they do show 
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that within the limits of a biological assay method added DDT is recoverable. 
In general, there is a tendency for recoveries to be somewhat low. No explana- 
tion can be offered for the occasionally extremely high or low recoveries. 

SUMMARY AND CONCLUSIONS 

A biological assay method depending on the toxic response of the house fly 
has been developed to determine DDT in animal tissues and excreta. Quantities 
of DDT of the order of 2.5 p.p.m. can be determined. 

The author wishes to thank Dr. B. J. Vos of this Division for help in the statisti- 
cal analyses, and Mr. P. A. Clifford, Food Division, for performing the chemical 
analysis of DDT by the Scheckter method. 
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tIW Cff - Ct V f DDT in raammaIs have treated largely of the 
tissues (3 41 r 16 0rgaDlsm 2 ) an ^ o f the pathological changes induced in 
concentration of nrrr™ '“challenged information is available on the 

chronic evno«iir, tn /■/” le . tlssues an£ l excreta of animals following acute and 
chlotide method <~\ b • r, and St °hlrnan ( 2 * ) on the basis of their organic 

me^urahTe onn fv * S nofc speoific for DDT alone, claim to have found 

S however 0 ? DT * the tissues aad “Crete of cats and rabbits. 

X-ravdiffmetir C ° U 1°° cou f‘ rmcc l ln the case of rabbit urine by means of 
(8) has renort 7! h™ 'f° S - “ a somewhat later publication, Stohlman 

of DDTrnm’Hrum^ 6 at!on aud Identification of crystalline DDT from the urine 
of from the hln I,?™ k ’ ? mCG the urine was collected from the cages, instead 
DDT found d'd 7 catictcr ’ 't may be seriously questioned whether the 
Stiff and cJlim ^ ^ by ,eaching action ° f urine. Recently 

unable to find 1 r \ U T K a Xant!lydro1 reaction for determining DDT (10) were 
of nclteiv loin d m am0Unt s of °DT as such in the organs and body fluids 
chloride which '/^itb^ /o’ alt * wug!l they did confirm the presence of organic 
fom desL/c t ^Stohlman have assumed to be DDT. It seems, there- 
by a more cn .°. rep °^ a tlls time the analyses of tissues and excreta for DDT 
by a more spectfic and sensitive method. 

From 200 to 400 mem /t ™ e ' venn ’ I ? per cent solution of DDT in corn oil bv stomach tube. 
cmors in ahZZuon^ *?** , g ‘ Ven in a sin ^ this produced characteristic 

raT In a series of nnf, / “"T,' 5 ’ irres P cctive of the state of fullness of the alimentary 

were prepared of (is,., of h aa°J th ® e anlmals showed severe tremors. Ether extracts 
method (21) based on th °* * • m 8 ftnc ^ excreta ar *d DDT was determined by a bio-assay 

T PO r ° f the h0use Check «•&*« r»n by the 

Funhermore t « ™ ! J ™! h ° d 8 *° l wcd that the two methods were in essential agreement. 

" C, , the f th6 °’P !soraer »t DDT, nor the degradation prod- 
rccentlv isolated from ■. * e d f hydrochloride, nor di (p-chlorophenyl) acetic acid (5), 

to be comnarativelv I T ‘urine interfered, because their toxici ties for the fly were found 

to be comparatively low. The lower limits for quantitatively determining DDT bv the 

::;::7/™ [ ' vcreof i,e ^ tissues, bl0 o d ; tLimi 3 to 5 ^ 

grams per gram; for urine, 5m, programs per 20 milliliters. Attempts to determine smaller 

1 j I , ,0 , rt10 .? ° F „ thc furids used in this investigation was supplied by a transfer, recom- 

mended by the Committee of Medical Research, between the Office of Scientific Devel- 

opment and the Division of Pharmacology of the Food and Drug Administration. 
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concentrations of DDT by taking larger samples were met by a type of interference char- 
acterized by a toxic reaction of the test insect which was not typical of DDT. 

'Results. A. Feces. From table 1 it can be seen that enormous quantities of 
DDT are excreted in the feces. This may be presumed to be simply unabsorbed 
DDT, and possibly explains the extreme variability of rabbits in their toxic 
response following oral doses of DDT. The data also indicate, as might be ex- 
pected, a lag in excretion. Even allowing for the extreme insolubility of DDT, it 
would seem quite probable that leaching of the feces by urine would render DDT 
analyses of cage urine unreliable. In fact some analyses of cage urine were made; 
they showed varying amounts of DDT ranging from 5 to 50 micrograms per 
20 ml. sample. 


TABLE 1 


The excretion of DDT in the feces of rabbits folloiving oral administration of a single 
dose of S50 mgm./kgm. in corn oil 

| microcrams DDT pes cram peces 


RABBIT NO. 


Time in hours after dose 


20 

44 

51 

71 

93 

1280 

21000 

1370 

717 

81 

21800 


5200 

223 

17 

295 


1450 

283 

50 


TABLE 2 


Recovery of DDT added to rabbit urine 


AMOUNT OP URINE 

DDT ADDED | 

DDT POUND 

ml. 

micro grams 

micrograms 

20 

10.0 

11.7 

20 

7.0 

6.2 

20 

5.0 

4.5 

20 

10.0 

12.0 

20 

10.0 

11.5 

20 

10.0 

11.0 


B. Urine. In an attempt to decide whether DDT is excreted in the urine of 
the rabbit, catheter specimens were taken from a series of 12 animals at various 
intervals starting 3| hours and extending to 72 hours after a single dose of DDT. 
Within the limitations of the method in no instance could DDT be demonstrated 
in any 20 ml. sample of catheter urine. The possibility that certain ether extract- 
able residues from urine might occlude DDT and so hinder its absorption by the 
fly was investigated. However, in a large number of samples where DDT was 
added to mine, it was possible in every case to recover the added DDT. Repre- 
sentative examples of this are shown in table 2. 

Considering the alkalinity and the rapid putrefactive changes which occur in 
rabbit urine, there was also the possibility that DDT might be destroyed before 
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analysis could be made. This was tested by adding small quantities of DDT to 
20 ml. portions of urine and allowing the mixtures to incubate for varying periods 
of time. Table 3 shows the results. There is no trend indicating disappearance 
of DDT with time. 


TABLE 3 


Incubation of DDT with rabbit urine 


AMOUNT OP URINE j 

DDT ADDED 

| DDT FOUND 

PERIOD OF IKCBMHW 

Rabbit No. 1 

ml. 

nicrogromx 

nxcrotrami 

[ k&trS 

20 

7.0 

7.1 



7.0 

5.S 

0.5 

20 

7.0 

5.G 

1 

20 

7.0 | 

6.1 

.19 

Habbit No. 2 

20 

1 

7.0 1 

6.2 

0 

20 

7.0 

7.1 

0.75 

20 

7.0 

5.1 

19 


TABLE 4 

The DDT content of rabbit tissues and fluids following single and repealed daily doses 
of DDT dissolved in corn oil 


RABBIT 

NO. 


3744 

3753 
3741* 

3754 
3742 
3887 
3SS8 

3897 f 
3889 
37561 

* Spleen sample contained 10 micrograins per gram. 

f Fat sample contained 305 micrograms per gram; lean muscle, 15 micrograms per gram. 

t With the exception of 3756, which was killed 11 days after last dose, all animals nere 
killed 24 hours after their last dose. 

G. Tissues and body fluids. In table 4 are given the results of tissue and body 
fluid analyses for DDT. In general, it can be seen that the animals which re- 
ceived the largest quantity of DDT gave the highest tissue concentrations. h* 
the case of Rabbit 3889, it is presumed that diarrhea reduced absorption of DDT, 


ttcu. DDT per kcm. 

BABBIT IN SUCCESSIVE 
DAILY DOSES 


TOXIC RESPONSE 


1 

2 

3 

4 


Liver 

Kidney 

Brain 

Blood 

Urine 

Me 





Slight tremors 

0.0 



1.5 


0.0 





Slight tremors 

0.0 

1.7 

0.0 

1.1 







Moderate tremors 

3.5 

EH 


1.9 


15 

350 




Moderate tremors 

22 

n 


3.1 

0.0 

0.0 

flM 

sss 

200 

400 

Moderate tremors 

10 


16 

3.6 


13 

gffi 




Severe tremors 

12 

13 


S.O 


29 

gmS 

gfili] 



Convulsions, severe 


EH 




4.1 





tremors 







m:'] 


400 


Moderate tremors 

14 

14 





gfijij 


400 


No tremors, diarrhea 

6.4 

7.6 


7.5 


o.o 

350 

200 

200 

400 

Slight tremors 

2.0 

4.4 


i.i 




MICH 00 RAMS DDT PER GRAM OT FRESH TISSUE OR 
MILLILITER OT FLUID 
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and this may explain the lack of toxic response as well as the somewhat lower 
tissue levels of DDT. It is interesting to note that Rabbit 3756, killed 11 days 
after its last exposure to DDT, still retained small amounts in its tissues. Only 
one sample of fat was analyzed, but the concentration of DDT found therein was 
nearly 25 times greater than in the other tissues. 

Discussion. The failure of Stiff and Castillo (8) to find DDT in the body 
fluids and tissues may be ascribed to lack of adequate sensitivity of their method. 
On the other hand, where relatively large amounts of DDT are involved, as in 
feces, their value of 5.6 mgm. per gram is about of the same order of magnitude as 
reported in table 1 of this paper. 

In general, Smith and Stohbnan’s (2) DDT concentrations in rabbit tissues are 
difficult to compare with our own, chiefly because there is much divergence 
between the number and size of the doses. However, in one instance 5 hours 
after administering 500 mgm./kgm. of DDT in olive oil, these authors report a 
blood value of 4.0 mgm. per 100 ml. (40 micrograms per ml.) and a similar value 
26 hours after a 300 mgm./kgm. dose. This is from 5 to 40 times the amount 
shown in table 4, and under conditions roughly similar with regard to dose and 
time of assay. 

In contrast to our failure to find any DDT at all in catheter samples of urine, 
Smith and Stohlman have reported concentrations ranging as high as 65 mgm. 
per 100 ml. This is most plausibly explained by the authors’ assumption that 
all of the organic chlorides excreted in urine are DDT, a position no longer be- 
lieved tenable in view of the more specific means for determining this substance. 

SUMMARY 

1. By means of a bio-assay method DDT has been found in tissues, body fluids 
and feces of rabbits acutely poisoned by oral doses of DDT in oil. 

2. Within the limitations of this method no DDT could be found in the urine 
of such poisoned animals. 
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Several of the halogen-substituted aliphatic acids are potent choleretic agents 
(1, 2, 3). Some of them arc also effective in inhibiting alcoholic fermentation 
and in retarding or inhibiting the metabolic processes of various molds, yeasts 
and bacteria (4, 5, 6). Since such properties make these compounds of interest 
therapeutically and also make them of potential use in food processing it is 
essential to know something of their toxicity. 

The literature contains few references to the toxicity of any of the halo- 
gennted fatty acids except the three chlorine-substituted acetic acids and iodoace- 
tic acid. It was considered desirable, therefore, to determine the acute toxicity 
of other available compounds of this type. 

Method. The pH of a 5 per cent aqueous solution of the compounds studied varied from 
0.6 to 2.00. 'Preliminary tests disclosed a local irritating factor in the effects. To avoid 
this the 5 per cent solutions of the acids were neutralized (pH 7.0) with sodium carbonate, 
and used at once since it has been shown (7) that solutions of the sodium salts of many of the 
compounds hydrolyze rather rapidly. 

Adult white mice, fasted for 2t hours previously, were used throughout ns the test animal. 
To groups of 30 animals varying volumes of each of the neutralized hnlogenated acid solu- 
tions were administered by way of the esophagus with a tuberculin syringe and a large bore- 
blunt hypodermic needle. All animals which died within 5 days were considered, arbitrar- 
ily, to have been killed by the compound since no deaths occurred among a large group of 
control animals from the same litters. From the accumulated data toxicity curves were 
plotted and the LD S o for each agent was estimated. The estimated LDso for the various 
compounds is listed in Table 1 both in milligrams per kilogram and in milliraols per kilogram. 

Discussion. Note that the toxicity of these compounds decreases as the 
length of the carbon chain increases. These results are contrary to Richardson s 
observations in regard to the toxicity of alcohols, which seemed to indicate that 
as the carbon chain lengthened the toxicity increased (8). 

The stomach capacity of a mouse was found to be 1 to 2 cc. at most, therefore 
the LD50 of beta-chloropropionic, beta-bromopropionic, alpha-bromoisobutyric 
and alpha-bromoisovaleric acids could not be determined using 5 per cent solu- 
tions. Since doses of 2 grams per kilogram killed no mice the LD50 is reported 
as greater than 2,000 mgm. for these compounds. 

Substitution of a halogen molecule for one of the hydrogen molecules in the 
alkyl radical of a fatty acid produces marked changes in the chemical-physical 
reactions of the acid (4). Changes in dissociation, in solubility and in activity 

1 A portion of this work was completed in the Pharmacology Laboratory of West Virginia 
University. 
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occur. No less marked changes appear in the physiologic action of the fatty 
acids following such a substitution. It has been shown previously (4) that mono- 
chloroaeetic, monobromoacetie and monoiodoacetic acids inhibit gas production 
of yeast more readily than acetic acid and that this property becomes more 
pronounced as the molecular weight of the halogen is increased. The present 
experiment indicates that this is also the case when the death of mice is used as a 
criterion for comparison since iodoacetic acid is more toxic than bromoacetic 
which in turn is more toxic than chloroaeetic acid. In those cases in which 
homologous compounds were used the bromine containing compound was always 
more toxic than the chlorine homolog. 

The position of the halogen in the chain apparently is important in the physio- 
logic action of the chemical agent. Although the beta substituted compounds 
are more easily hydrolyzed at pH 7, hydrolysis is probably too slow to account 
entirely for their lower toxicity. The beta compounds have lower oil/water 

TABLE 1 


The oral LDSO for mice of S ]>rr cent solutions of halogen substituted fatly acids 
neutralized to pH 7 


ACID 

LD50 IN UCtf./CCU. BODY WEIGHT 

CALCULATED LD50 IN JUt/KGU. BODY 
WEI CUT 

Monochloroacetie 

165 

1.73 

a-Chloropropionic 

9S0 

0.00 

0-Chloropropionic 

over 2,000 


Iodoaretir 

83 

0 .« 

Monobromacetic 

J00 

0.72 

a-Bromopropiomc 

250 i 

1.63 

/3-Bromopropionic 

over 2,000 


tt-Bromobutyric 

310 

1 .86 

a-Bromoisobufyrit- 

over 2,000 


tt-Bromovalcric 

380 

2.65 

a-Bromoisovaleric 

over 2,000 


a-Bromo-n-caproic . . . . 

500 

3.02 


solubility coefficients than their respective alpha homologs which may influence 
their action by preventing ready absorption through the gastro-intestinal mucosa 
or penetration of cells and tissues. Hoffman, Schweitzer and Dalby (9) state 
that biologic activity of an acid is dependent on its dissociation and that the less 
ionized the acid the more powerful its biologic effect. This does not seem to 
apply to the toxicity of the lialogenated fatty acids since the least dissociated 
acids are least toxic. 


SUMMARY 

The oral toxicity for mice of eight halogenated fatty acids increases in relation 
to the increase in molecular weight of the substituted halogen and decreases as 
the carbon chain is lengthened. In the case of four acids the LD50 of which 
could not he readily determined, substitution of halogen in the beta position 
markedly reduces the toxicity as does branching of the carbon chain. 
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This study deals with the application of both the experimental design proposed 
by Bliss and Marks (1, 2) for the assay of insulin and the chart and nomograph 
described for the assay of penicillin by Knudsen and Randall (3) to the canine 
blood pressure method for the biological assay of epinephrine, one version of 
which is currently official (4). It appeared probable that the desirable objectives 
to be attained through such an application might include (a) the utilization of all 
of the data obtained in an assay in reaching an accurate, objective estimate of 
potency; (b) a relatively easy method of computing the reliability of individual 
assays; and (c) an over-all procedure sufficiently simple and economical of time 
to be practical for routine work. 

One of the disadvantages of the present official method is the failure to satisfy 
fully the first objective cited above. Although extended comparisons of the 
standard and the unknown may yield an accurate estimate of potency, the 
method fails to provide for the utilization of all of the data obtained and is there- 
fore inefficient. Other disadvantages have been discussed by Thompson (5). 

Thompson (5), utilizing the experimental design and method of analysis of 
data proposed for ergon ovine by Vos (G), recently proposed a method for the assay 
of epinephrine which yields assays of a degree of accuracy seldom attained by 
means of a biological assay procedure and which seems to be an ideal tool for use 
where a need for extreme accuracy outweighs other considerations. However, 
the method of analysis of data upon which the procedure is based is laborious. 2 

The dose-response relationship of epinephrine in the dog has been studied by 
Hjort, deBeer, and Randall (7). In the present study this relationship w T as 
assumed to be valid and no further detailed study of it was undertaken. 

Exrr.v.nn.NT.M.. The assay procedure as finally developed is as follows : A healthy dog.* 
is selected as directed for the method now official (4), anesthetized by means of the intra- 
peritoneal injection of 150 milligrams per kilogram of Na phcnobarbital, atropinized as in 
the U.S.P. XII method, and arranged for the recording of the carotid blood pressure by 


1 A preliminary note covering part of this work was published in Federation Proceedings, 
3: SO, 1914 

5 Since this article was written, a paper by It. II, Xocl on the same subject has appeared 
(Tins.Iorjts.Ai., 84: 27S, 1945.) His article uses a similar experimental design but a different 
method of computing the potency and standard error of assay. The present treatment is 
believed to offer the advantage of speed and simplicity. Control chart technics for use with 
this approach are described by Knudsen and Randall (3). 

* Hogs which failed to meet the sensitivity requirements of the U.S.P. XII were not used 
in this study 
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means of the conventional Ilg manometer. A dose of U.S.P. Reference Standard Epine- 
phrine solution, usually diluted 1-50,000 or 1-100,000, which gives a blood pressure rise of 
approximately forty mm. Ilg is selected. This dose is designated the low dose of the stand- 
ard (s t ), and 1.5 times this volume the high dose of the standard (Sj f ). The unknown solu- 
tion is diluted on the basis of available data (label, manufacturing information, etc.) so that 
it is theoretically equal in potency to the diluted standard solution. A volume of the 

TABLE 1 



mivuj-tvs*)]* v 

Fig. 1. Chart fob Determining Potency When the Ratio of the High Dose to the 

Low Dose is 1 .5 to 1 


diluted unknown solution equal to s L is designated the low dose of the unknown, u L , and 
1.5 times this volume is the high dose of the unknown, u n . Each of these four doses is 
administered four times in order determined by assigning the various doses at random to 
a 4 x 4 latin square (1), an example of which is shown in table 1. The injections are made 
into the saphenous vein at five-minute intervals. Each of the sixteen responses as indicate 
by the rise in blood pressure is measured to the nearest millimeter. 

The data thus obtained may be treated in either of two ways in order to extract essenti- 
ally identical estimates of the potency and of the standard error of the assay. One metho 
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is to proceed bv machine calculation as indicated by Smith and Vos (S) for the biological 
assay of posterior pituitary solution. If this method is used, the calculations of the potency 
and of the standard error are made exactly as in the pituitary assay except that in the case 
of the epinephrine assay the logarithm of the ratio of the high dose to the low dose is 0.176, 
and this value is substituted for the comparable figure 0.301 used in the pituitary assay. 

A much simpler way of estimating the potency of the unknown and determining the 
standard error of the assay is by means of the chart and nomograph shown in figures 1 and 2 
respectively. In this, four values, V, IF, R„ and obtained from the experimental data 
by means of addition and subtraction are used as follows 1 : 

According to the design, the assay consists of four groups of four doses each, wherein each 
group consists of s B , s L , u B , and u L though not necessarily in that order. For each group of 
four doses 

v = ( u L \i B ) — (s L -rR/,) 

and w = (u ff 4- s H ) — (u L + $ L ) are calculated. 

Then the four values mentioned above as necessary for use of the chart and nomograph are 
obtained from these values of v and w. The sum of the ids (orEv) equals V and the sum of 


TABLE 2 
Calculation of data 



“a 

“// 

‘L 

S H 

(“l + ~n) - 
I s L + ‘h) 

(“» + ■ S B) — 
("£ + S L) 

Group 1 ... 

40 

46 

40 

62 

-16 

28 

Group 2 

38 

39 

42 

58 

-23 

17 

Group 3 

35 

40 

40 

60 

-25 

25 

Group 4 

35 

41 

42 

56 

-22 

20 

Totals 

148 

166 

164 

236 

V = -86 

IF = 90 






R. = 9 

R„ = 11 


Potency = 68 

Standard error of assay = 4.1 


the w’b (orEuq equals IF. The difference between the highest and lowest value of v equal 8 
R, (the range of the ids) and the difference between the highest and lowest value of v equal s 
f?„. The four responses to each dose should also be totaled and Band IF should be checked 
by performing on these totals the same additions and subtractions used for rand w. 

The potency is determined by entering the chart (fig. 1 ) with the values of V and IF and 
reading the potency from the radial lines. 

The standard error of the assay is obtained from the nomograph (fig. 2) by using V , IF, 
R,, ii„ and the potency. On the right-hand side of the nomograph connect the scale values 
of Band IF with a straightedge. Mark with a sharp pointed pencil the point of intersection 
of this straightedge with the diagonal line. Then connect this marked point of intersection 
with the value of /?„ and read the value of Q. Add ()' and It j! obtained from the tabic of 
squares in the center of the nomograph to secure the value of T. On the left-hand side of 
the nomograph connect with a straightedge the values of T and IF and read the value of the 
ratio from its scale. Multiply this ratio by the potency previously obtained and the result 
is the standard error of the assay. 

An example may clarify the procedure. Table 2 gives the 16 blood pressure responses 
obtained in an assay and the simple calculations made on those responses. 


' The mathematical derivation of the method using the chart and nomograph is the same 
as that given by Knudsen and Randall for the penicillin assay (3). 
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Find the point on the potency chart corresponding to the values of F = — S6 and 11 = 90. 
This point is nearest the radial line labeled 6S on the enlarged chart 5. Therefore, the 
potency is CS per cent of the standard. To calculate the error of the assay from the nomo- 
graph 1 connect with a straightedge the values of V = SG (for this step the sign of Vis disre- 
garded) and IV = 90, and mark the intersection on the diagonal line. Then connect this 
marked intersection with 7?„ = 11 and rend the value of Q which is 10.5. Now obtain 

T = R\ + = 81 + 110 = 191. 

On the left-hand side of the nomograph connect with a straightedge T 191 and 11 = 90. 
The ratio is then read from its scale. In this case it is 0.0G. When this ratio is multiplied 
by the potency (0.0G times GS) the standard error of the assay is found to be 4.1 percent. 

The value of IV will be greater than twice the value of R m if the slope of the dosage-re- 
sponse curve for that particular assay differs significantly from xero (by Student’s ‘ t 
test). If IV is less than twice the assay is invalid and must be repeated. 


TABLE 3 


Assays of solutions of knoten potency 


1 


YU CHINE CALCULATION 

PROM CHART AND NOMOGRAPH 


roTENcy j 

Estimated 

potency 

Std. error i 

Actual 

error* 

Estimated 

potency- 

Std. error , 

Actui! 

error* 


per cent j 

13/9 

Per cent 

per cent j 

per cent 


per cent 

Assay I (8/18) 

140 


4.0 

3.4 

144.7 


3.4 

Assay 2 (8/11) 

125 


3.7 

8.7 



8.8 

Assay 3 (1/G) 

11G 


4.7 

5.9 

122.8 


5.9 

Assay 4 (4/21). 

118 

123.5 

4.0 

4.7 

1 123.5 


4.7 

Assay 5 (4/27) 

7G 

77.6 

4.2 

2.1 

77. G 

1 5.0 

2.1 

Assay 6 (12/30) 

80 

79.0 


0.5 

79.7 

7.0 

0.4 

Assay 7 (5/7) 

70 

67.9 


3.0 

68.0 

4.1 

2.9 

Assay 8 (2/10) 

55 

G3.I 

Ha 

14.7 


4.3 

14.5 

Assay 9 (6/30) 

GO 

G1.5 

5.5 

2.5 

61.5 

7.3 

2.5 

Mean 



4.5f 

5.1 


5. It 

5.0 


* Difference between true potency and estimated potency 


True potency 

f Square root of the mean squares. 


The potency chart should be used only between 50 and 150 per cent for assay purposes. 
The radial lines indicating potencies beyond these limits are given forestimation purposes 
only. 

Nine solutions of known potency have been assayed and the data treated by both of the 
methods described above. The results are presented in table 3. The solutions were pre- 
pared by diluting a solution of U.S.P. Reference Standard epinephrine, and the essayist 
(WTM) was never aware of the true potencies of the solutions under test until the results 
of the assay had been calculated. 


Discussion. If the data obtained in an assay of the design proposed are 
treated by machine calculation, the method has no advantages over that o 
Thompson (5) except a somewhat less complicated calculation procedure. How- 
ever, when the chart and nomograph are used in making the necessary calcula- 

5 Copies of the enlarged chart and nomograph may be obtained by writing to the Di' ls,on 
of Pharmacology of the Food and Drug Administration. 
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dons, the method gains advantages which may be of considerable practical 
importance. Only about eight minutes are required for the calculations, approxi- 
mately one-fourth of the time required for the rather involved calculations of 
Thompson’s method. Moreover, the relative simplicity of the chart and nomo- 
graph enables quicker mastery of the method and decreases the probability of 
mistakes. 

With regard to accuracy in estimating potencies, Thompson reported an 
average error of 2.9 percent for a group of assays entailing the injection of 10 to 
14 doses and 1,7 percent for a group requiring the injection of 20 to 20 doses. 
The average actual error of the 16 dose method reported here was found to be 5.0 
percent as compared with an average standard eiror of the assay of 5.1 percent 
(table 3). 

The standard error of the assay shown in table 2 is an estimate of what the 
standard deviation of a series of potency determinations would be if the assays 
were run under identical conditions by one operator at one laboratory. This is 
to be distinguished from the standard error of the potency which is an estimate 
of how closely the assay can be duplicated by another operator at another labora- 
tory. These two standard errors are identical if the method has been so 
standardized and collaborated upon that one assayist at one laboratory can check 
another assayist at another laboratory as closely as he can check himself. 

It is believed that the method presented achieves the desirable objectives cited 
in the first paragraph of this paper and that it lacks the disadvantages which have 
been attributed to the present official method. 

SUMMARY AND CONCLUSIONS 

1. An objective method based on the use of a balanced experimental design 
and the use of a simple chart and nomograph for making the necessary calcula- 
tions is presented for the biological assay of epinephrine. 

2. The reliability of each assay may be easily estimated from the data obtained 
in that assay. 

3. The method is simple and time-sparing and yet possesses a level of accuracy 
which should make it generally useful 

4. A comparison of the true potencies with the estimated potencies showed the 
average error of nine assays of solutions of known potency to be 5.0 percent. 

The technical assistance of Mr. Pete James and Mr. William D. Harkness 
is gratefully acknowledged. 
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Two factors regarded as obstacles to the successful use of the sulfonamides have 
been (a) their inactivation by “antagonists” purported to be present in pusortissue 
debris (1) and (b) the fact that some organisms become resistant to the action 
of these drugs. It was, therefore, a matter of considerable interest- when 
Schmelkes and Wyss (2) reported that azochlornmide, a compound which enhances 
the activities of the sulfonamides (3), was capable of inactivating sulfonamide 
antagonists and of making a resistant strain of Escherichia coli sensitive to 
sulfanilamide. 

The initial object of the present investigation was to determine whether strains 
of resistant pneumococci could also be made sensitive to the sulfonamides by the 
addition of azochloramide to the test medium. When it was found that this 
was not the case, a more extended study was made of the so-called synergistic 
action of azochloramide and the sulfonamides. The details of this work are 
described below. 

Exterihentax. .methods. Two strains of pneumococci and one strain of Escherichia coli 
were used ns test organisms in this study. These were the parent type II CH strain of 
pneumococcus, its sulfonamide resistant derivative, type II CH (S), and the CH strain of 
Escherichia coli. The pneumococci were maintained by passage through mice three times 
eaeli week, heart blood cultures being made in meat infusion blood broth. The strain of 
Escherichia coli was maintained by weekly subculture in meat infusion broth, the cultures 
being stored in the refrigerator between transfers. On the day preceding an experiment, 
the test organisms were transferred twice at 12 hour intervals in the basal medium used in 
the experiment. The second transfer, used ns the source of the inoculum, was diluted in 
basal medium so that the desired number of orgunisms was contained in a volume of 1 ml.; 
in most tests a KR 1 dilution was employed. 

The basal medium used for the pneumococci was beef henrt infusion broth (4) to which two 
per cent freshly drawn, defibrinated rabbit blood was added on the day prior to the experi- 
ment; for the Escherichia coli, the media used were plain beef heart broth without enrich- 
ment and Sahyun’s medium (5) to which 0.1 per cent casein hydrolysate (SMACO— vitamin 
free) was added. The drug containing broth was prepared as follows. Concentratedsolu- 
tions of the sulfonamides 5 dissolved in the basal media were diluted serially and tubed in S 
ml. quantities; when the azochloramide solution and the inoculum were added to these 
tubes the final sulfonamide concentrations were 100, SO, 10, 20, 10, 5, 2.5, 1.25, 0.0, 0.3, 0.15, 
0.08 and 0.04 mgra. per cent. ' Sterilization was effected by autoclaving for 15 minutes at 15 
pounds pressure. 

The nzochloramide solutions were prepared ns follows. A 20 mgm. per cent solution was 

1 This study was completed in 1942 but the pressure of war research delayed presentation 

of the data until the present time. Reporting of the data now seems justified by interest 

both in sulfonamide resistant organisms and in the treatment of infected wounds. 

5 At the time this study was initiated, the sulfonamides in most common use were sulfanil- 

amide and sulfapyridine. 
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prepared in sterile distilled water and allowed to stand overnight in the refrigerator. This 
solution was always found to bo sterile. It was dilut ed with sterile distilled water and 1 ml. 
quantities of the proper dilutions were added to the tubes of test broth immediately before 
inoculation. > 

In the experiments with p-nminobenzoic acid, this substance was dissolved in the basal 
medium; the pH was adjusted to 7.G and the solution was sterilized by autoclaving at 15 
pounds pressure for 15 minutes. This stock solution was diluted serially with basal medium 
so that 1 ml. quantities could be added to each tube to form the desired concentrations. 
Special tubes of test broth in which the sulfonamide was dissolved and tubed in7 ml. quanti- 
ties were prepared for these experiments so that the final volume would again be 10 ml. 
after all constituents had been added. 

The cultures were incubated at S7.5°C. Growth estimates made at intervals between 1 
and 72 hours after inoculation were based on visual observations of turbidity in the experi- 
ments with Escherichia coli and turbidity and change in color of the red cell sediment in the 
experiments with the pneumococci. It should be noted that with these criteria the popula- 
tion of the cultures must reach five to ten million per ml. before there is visible evidence of 
growth. 

Growth curve experiments were carried out in 50 ml. quantities of medium placed in milk 
dilution bottles. At various intervals these cultures were thoroughly mixed and 0.5 ml. 
samples were removed, diluted serially in meat extract broth and plated to determine the 
numbers of viable organisms present. 

Results. A. Experiments with pneumococci. Sensitivity of pneumococci to 
azochloramide. The effects of various concentrations of azochloramide on the 
parent and resistant strains of pneumococci are summarized in table 1, The data 
presented show that the two strains were equally susceptible to the action of this 
drug. Concentrations of 0.2 mgm. per cent or less had no apparent effect on 
growth; concentrations of 0.4 to 1.0 mgm. per cent delayed visible growth until 
12 to 24 hours; 2.0 mgm. per cent prevented the appearance of growth throughout 
the 48 hour observation period. 

Effects of azochloramide on the response of sensitive and resistant strains of 
pneumococci to sulfapyridine. The concentrations of azochloramide used in this 
study were selected on the basis of the data recorded in table 1 and represented 
levels of this substance which by themselves produced either none, slight or 
striking inhibition of growth. The effects of these various concentrations of 
azochloramide on the response of the parent and sulfonamide resistant strains of 
pneumococci to sulfapyridine are shown in table 2. Summarized briefly, the 
data show that concentrations of azochloramide which in themselves had no 
appreciable effect on the growth of the pneumococci likewise had no effect on 
the response of these organisms to sulfapyridine. Concentrations of azochloram- 
ide which in themselves produced a striking inhibition of growth caused a slight 
increase in the susceptibility of the organisms to the sulfonamide. 

It is clearly evident from the data obtained in this experiment that even 
distinctly growth inhibitory concentrations of azochloramide were unable to 
abolish the resistance of the type II CH (S) strain. As a matter of fact, the 
effects of azochloramide on the susceptibility of the parent organism to sulfa- 
pyridine were somewhat greater than were those on the resistant strain. 

Explanation of effects of azochloramide on sulfonamide activity. Although the 
results of the preceding experiment failed to provide any support for the idea 
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that sulfonamide resistance is antagonized by azochloramide, they did show that 
this drug, in certain concentrations, effected a slight increase in sulfonamide 

TABLE 1 


J'hf effect of azochloramide on growth of sulfonamide susceptible and resistant strains 
of type II pneumococcus 


ORcvnni 

MCV. re* CENT 

A20C]llS>g\.iHDE 

VISIBLE CROWTH 

Hours of Jncubalion 

8 

12 


43 

Type II CII 

0 

4* 

4- 


+ 

(Parent susceptible 

0.03 

+ 

4- 


+ 

strain) 

0.1 

+ 

4~ 


+ 

Inoculum 1310/ml. 

0.2 

+ 

+ 


+ 


0.4 

- 

4- 


+ 


0.0 

— 

— 


+ 


o.s 

- 

- 




1.0 

— 

— 


+ 


2.0 

- 

- 1 


- 

Type II CII (S) 

0 

+ 

4~ 

+ 

+ 

(Hesistant strain) 

0.03 

4* 

+ 

+ 

4* 

Inoculum 1300/ml. 

0.1 

+ 

+ 

+ 

+ 


0.2 

+ 

+ 

+ 

+ 


0.4 

- 

+ 

+ 

4- 


0.G 

— 

- 

+ 

+ 


O.S 

- 

- 

+ 

+ 


1.0 

- 

— 

+ 

+ 


2.0 

— 

— 

— 

— 


TABLE 2 

The combined effects of azochloramide and sulfa pyridine on growth of susceptible and 
resistant strains of type II pneumococcus 




UGW PER CENT SULTAP\RIDI VE REQUIRED TO INHIBIT CROWTII 

ORC \N1SU 

MClf. per cent 
azochlor^uide] 

Hours of Incubation 



8 

12 

24 

78 

Type II CH 

0 

2.5 

2.5 

5 

5 

(Parent susceptible 

Km 

1.25 

2.5 

2.5 

2.5 

strain) 

■81 

* 

1.25 

2.5 

2.5 

Inoculum 1670/ml. 

■SK 


— 

1.25 | 

1.25 

Type II CII (S) 

0 

100 

160 


100 

(Resistant strain) 

0.2 

100 

100 

160 1 

100 

Inoculum 1340/ml. 

0.4 

— 

100 

100 | 

100 


1.0 

— 

— 

SO 

SO 


* ( — ) indicates no growth even in the control tube which contained no sulfapyridi no 


activity. Since such concentrations of azochloramide were in themselves defi- 
nitely growth inhibitory, the question was raised as to whether this apparent 
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increase in activity was due merely to a reduction in the initial population of the 
culture. To test this hypothesis a study was made of the effects of azochloramide 
upon the numbers of viable organisms present in the cultures. The results of 
this study (fig. 1) showed that 0.2 mgm. per cent azochloramide, a concentration 
which did not affect the response of the pneumococci to sulfapyridine, had little 
effect on the populations of the cultures. On the other hand, 1.0 mgm. per cent 
azochloramide, a concentration which effected a slight increase in the sensitivity 
of the pneumococci to sulfapyridine, effected a sharp initial reduction in the 


CHART A-PARENT STRAIN CHART B-RESISTANT STRAIN 



Fig. 1 . Tub Effects of Azochloramide on the Gromtii of Parent and Resistant 
Strains of Type II Pneumococcus 

culture population. This effect was only temporary, however, and rapid multi- 
plication occurred within 4 to 8 hours. 

Haring demonstrated that azochloramide reduced the initial population of the 
culture, an experiment was carried out to determine whether such a reduction 
could explain the effects of this compound on sulfonamide sensitivity. The 
results of this experiment (table 3) show that a reduction in the initial population 
of the culture, equivalent to that which occurred in the presence of azochloramide, 
delayed the appearance of visible growth in essentially the same degree as when 
azochloramide was present in the medium, and effected a slight but definite in- 
crease in the sensitivity of the pneumococci to sulfapyridine. 

B. Experiments icilh Escherichia coli. Since Schmelkes and Wyss (2) based 
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their conception of the action of azochioramide on studies with Escherichia coli, 
it seemed important to examine the reactions of this latter organism as well as 
those of the pneumococci. Accordingly, experiments were carried out to deter- 
mine (a) the effects of azochioramide on the sulfonamide sensitivity of Escher- 
ichia coli and (b) whether azochioramide could block the antagonism of sulfona- 
mide activity produced by peptone or p-aminobenzoic acid. 

Effects of azochioramide on sulfonamide sensitivity of Escherichia coli. The data 
in table 4 show the effects of various concentrations of azochioramide on the 
growth of Escherichia coli in a semi-synthetic medium low in sulfonamide in- 
hibiting substances and in a complex medium rich in peptone. In both media 
azochioramide inhibited growth, but in order to produce the same effects more 
drug was required in the complex medium than in the semi-synthetic one. Thus 

TABLE 3 


The effect of size of inoculum on the activity of sulfapyridinc against susceptible and 
resistant strains of type II pneumococcus 


ORGANISM 

INOCULUM 
ORCANISUS 
PER ML. 

1 UCM. rER CENT SCXTAPVRIPINE 

Required to inhibit crowih 

Hours of Incubation 

8 

12 

24 

4$ 

Type II CH 

20,000 

mam 

5 

5 

5 

(Parent susceptible 

2,000 


1.25 

2.5 

2.5 

strain) 

200 


1.25 

1.25 

1.25 


20 


<0.5 

<0.6 

1.25 


2 

■SI 

— 

<0.6 

<0.6 

Type II CH (S) 

32,000 

1G0 

160 

160 

160 

(Resistant strain) 

3,200 

40 

80 

80 

| 160 


320 

— 

40 

80 

SO 


32 

— 

20 

SO 

SO 


3 

— 

— 

SO 

SO 


* ( — ) indicates no growth even in the control tube which contained no sulfapyridine. 


in the semi-synthetic medium, 0.01 mgm. per cent azochioramide was without 
effect on growth; 0.05 to 0.2 mgm. per cent delayed the appearance of growth 
until 12 to 24 hours and 0.4 mgm. per cent inhibited visible growth throughout 
the 48 hour observation period. In the complex beef heart medium, however, 
the concentrations of azochioramide required for comparable effects were 0.05, 
0.6 and 1.0 mgm. per cent respectively. 

The effects of azochioramide on the activities of sulfanilamide and sulfapyri- 
dine were compared in the semi-synthetic medium and in the complex medium 
with the results shown in table 5. Summarized briefly, the data show that con- 
centrations of azochioramide which by themselves had little or no growth in- 
hibitory powers had little or no effect upon the response of Escherichia coli to the 
above sulfonamides. Concentrations of azochioramide which by themselves 
were definitely growth inhibitory produced apparent increases in sulfonamide 
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sensitivity during the early hours of growth. At 48 hours, however, most of these 
apparent increases in sensitivity had disappeared. 

Explanation of effects of azochloramide on sulfonamide activity. Following the 
lead obtained from the work with the pneumococci, experiments were carried out 
with Escherichia coli to determine whether the slight increases in sulfonamide 
sensitivity produced by azochloramide were due merely to a reduction in the 
population of the culture. Growth curve studies (fig. 2) show that concentra- 
tions of azochloramide which effected apparent increases in the sulfonamide 
sensitivity of Escherichia coli likewise effected initial reductions in the population 
of the culture. This occurred in both media, although in keeping with the obser- 

TABLE 4 


The effect of azochloramide on growth of Escherichia coli. Strain CH 


MC\r. PER CENT AZOCHLORAMIDE | 

VISIBLE GROWTH 


| Hours of Incubation 


1 4 1 6 ! s 1 12 ! 

24 1 

48 

Testa in beef heart broth — inoculum 7800/ml. 


0 

+ 

*4 

+ 

+ 

+ 

4 

0.01 

4* 

4- 

4- 

4" 

4- 

+ 

0.05 

4 

+ 

+ 

4 

4- 

+ 

0.1 

- 

+ 

+ 

4- 

4* 

+ 

0.2 

— 

+ 

+ 

+ 

4- 

+ 

0.4 

- 

- 

+ 

+ 

+ 

4 

0.6 

- 

- 

- 

+ 

+ 

+ 

1.0 

— 

— 

— 

— 


— 


Tests in semi-synthetic medium — inoculum 2300/ml. 


0 

+ 

+ 

+ 

+ 

+ 

+ 

0.01 

+ 

+ 

+ 

+ 

+ 

+ 

0.05 

— 

— 

- 

+ 

+ | 

+ 

0.1 

— 

- 


— 

+ 

+ 

0.2 

- 


~ 


+ 

+ 

0.4 








vations of the preceding experiments, the effective amounts of azochloramide 
were greater in the complex than in the semi-synthetic medium. 

As shown by the data in table 0, a mere reduction in inoculum such as was 
effected by the concentrations of azochloramide employed above, caused an ap- 
parent increase in sulfonamide sensitivity. This increase was fairly marked 
during the first 12 hours of incubation but was slight at the end of 48 hours. The 
effects were somewhat more striking with sulfnpyridine than with sulfanilamide. 

Effect of azochloramide on antagonism of sulfonamide activity by p-aminobcnzoic 
acid. Studies with Escherichia coli in complex media (table 5) have already indi- 
cated clearly that azochloramide docs not block the sulfonamide inhibiting prop- 
erties of peptone. The effects of azochloramide on antagonism of sulfonamide 
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activity by p-aminobenzoic acid have been summarized in table 7. The data in 
this table show that concentrations of azochlornmide, which by themselves were 
only slightly growth inhibitory, had no effect on the p-aminobenzoic acid antago- 
nism of sulfonamide activity. Concentrations which were distinctly growth in- 
hibitory appeared to block the action of p-aminobenzoic acid during the first 24 


TABLE 5 


The combined effect of azochlorumidc and sulfonamide on growth of Escherichia coli. 

Strain CH 


SVLRONAiriDE 

MCtf. PE 8 
CENT A ZO- 
CULQtAVlJDE 

UCV. PE* CENT SELTONbUODE RE Q Cl ZED TO INHIBIT GROWTH 

Hours of Incubation 

1 6 

1 8 

1 » 

) « 

t « 

Testa in beef heart broth — inoculum 7200 organisms/ml. 

Sulfanilamide. 


20 

160 

>160 

>160 

>160 



10 

40 

>160 

>160 

>160 



10 

40 

160 

>160 

>160 


hi 

10 

20 

SO 

>160 

>160 


■IS 

* 

20 

40 

>160 

>160 



— 

— 

40 

>160 

>160 

Sulfapyridine. 


2.5 

20 

20 

20 

160 



2.5 

5 

20 

20 

160 



1.25 

5 

20 

20 

160 



0.6 

1.25 

10 

20 

160 


0.4 

— 

0.6 

2.5 

20 

SO 


0.6 


— 

0.6 

2.5 

40 

Tests in semi-synthetic medium— 

-inoculum 3000 organisms/ml. 


Sulfanilamide 

0 


2.5 

5 

10 

20 


0.012 


2.5 

5 

10 

20 




2 5 

5 

10 

20 




— 

2.5 

5 

20 


0.1 


— 

— 

5 

10 

Sulfapyridine 

0 


0.3 


0.6 

2.5 


0.012 


0.3 

0.3 

0.6 

2.5 


0.025 


0.15 

0.15 

0 6 

2.5 


0.05 


— 


0.6 

2.5 


0.1 


— 

- 1 

0.6 

1.25 


* ( — ) indicates no growth even in the control tube which contained no sulfonamide. 


hours of incubation. After this time, however, there was little or no effect on the 
activity of p-aminobenzoic acid. 

Comment. The data presented above show that concentrations of azochlor- 
amide which of themselves have no growth inhibitory or only slight inhibitory 
action, have no effect on the response of either sensitive or resistant strains of 
pneumococci to the sulfonamides. Concentrations of azochloramide which of 
themselves are distinctly growth inhibitory effect apparently substantial in- 
creases in sulfonamide sensitivity during early hours of incubation but have only 















ACTION OF AZOCHLOKAMIDE 


351 


slight effects on sensitivity when observations are prolonged for 48 hours. These 
effects are of the same order for both the parent and the resistant strains and can 
be duplicated mferely by reducing the inoculum of the culture to the same extent 
as that accomplished by the azochloramide. There is no indication that this 
substance abolishes the sulfonamide resistance of pneumococci. This is in accord 
with the observations of Stokinger, Charles, and Carpenter (6) on sulfonamide 
resistant gonococci. 

CHART A-GROWTH IN COMPLEX BEEF CHART B-GRCWTH I IN SEMI-SYNTHETIC 

HEART MEOIUM MEDIUM 



HOURS OF INCUBATION 

Fig. 2. The Effects of Azochloramide on the Growth of Escherichia Coli in Complex 
Beef Heart Broth and in Semi-stnthetic Medium 

Experiments with Escherichia coli likewise show that such increases in sulfona- 
mide sensitivity as are produced by azochloramide may be ascribed to the re- 
duction in population of the culture effected by the above substance. Azochloram- 
ide has no effect on inactivation of the sulfonamides by such substances as 
peptone and p-aminobcnzoic acid. 

The above findings offer no support for the contention of Schmelkes and AVyss 
(2) that azochloramide destroys sulfonamide resistance or abolishes antagonism of 
sulfonamide activity by peptone or p-aminobenzoic acid. Schmelkes and Wvss 
drew their conclusions from observations made after 15 or 16 hours incubation. 
It should bo pointed out that the results of the current experiments indicate that 




352 


CLARA L. SESLER AND L. H. SCHMIDT 


observations at 15 hours would not disclose the early growth inhibiting action of 
azochloramide nor would they show such later outgrowth of the cultures in media 
containing both sulfonamides and azochloramide as has been 'observed in the 
present study. Thus, it seems probable that Schmelkes and Wyss have been led 
to erroneous conclusions because of insufficient data. 

The findings of the present study make it appear doubtful that combined 
azochloramide-sulfonamide therapy possesses any particular advantage in treat- 

TABLE 6 


The effect of inoculum upon achuly of sulfantlamtdc and sulfapyridine against 
Escherichia coli, Strain CH 




ItCM PE* CENT ST7UONAUEDE *EQOX*ED TO INHIBIT C10WIS 

SULTONAUfDE 

0*CAN1SUS 
PE* ltL 

Hours of Incubation 


6 | S | 11 | 24 [ *! 

Tests in beef heart broth 


Sulfanilamide 

9400 

1 

40 

160 

>160 

>160 


940 


20 

40 

>160 

>160 


94 

flg 

10 

40 

>160 

>160 


9 

■ 3 ™ 

5 

20 

SO 

>160 


X 


— 

20 

SO 

>160 

Sulfapyridine 

9400 

0.6 

5 

20 

160 

160 


940 

— 

1.25 

5 

20 

SO 


94 

— 

0.6 

2.5 

10 

40 


9 

— 

<0.3 

1.25 

20 

40 


1 


— 

1.25 

5 

40 


Tests in semi-synthetic medium 


Sulfanilamide 

3500 

2.5 

5 

5 

20 

40 


350 

— 

2.5 

5 

10 

20 


35 

— 

1.25 

2.5 

10 

20 


3 

— 

— 

2.5 

10 

20 


<1 

— 

— 

1.25 

10 

20 

Sulfapyridine 

3500 

0 OS 

0.3 

0.3 

1.25 

2.5 


350 

— 

0.15 

0 3 


1.25 


35 

— 

o.os 

0.3 

0.6 

1.25 


3 

— 

— 

0.15 

0.6 

1.25 


<1 


— 

O.OS 

0.6 

1.25 


* ( — ) indicates no growth even in the control tube which contained no sulfonamide 


ment of infections with sulfonamide resistant organisms. Nor is there any indi- 
cation that combined therapy has a peculiar value in lesions where large quanti- 
ties of sulfonamide antagonizing substances may be present. Such beneficial 
effects as combined azochloramide-sulfonamide treatment seems to possess (7-11) 
may most likely be ascribed to apparent enhancement of sulfonamide activity by 
reduction in the numbers of organisms present in the lesion. Actually this 
reduction may be of considerable practical importance in the treatment of local 
infections. 
















TABLE 7 

The effect of azochloramide upon the antagonistic action of p^amt nohen zoic add for 
sulfanilamide and svlfapyridine 


Test organism: Escherichia colt , Strain CH, in Sahyun’s medium — inoculum: 3500/mL 



j 

UC1L. TTS CENT SUiro.YAlCEDE JCEQVJZ EJ7 TO IKRtBIT GXDWTU 

r-MCNOBENZOlC 

ACID 

VGit. rzft cm 
AZOCHtO^AVlDE 

Hours of Incubation 


6 I 12 j 24 ] 48 | 72 


Tests with sulfanilamide 


0 

2.5 


1 

20 

20 

0.012 

2.5 


K9- 

20 

20 

0.025 

2.5 



20 

20 

0.05 

. 



20 

20 

oa 

— 

— * 

5 

10 

1.0 

0 

40 

40 

80 

160 

>160 

0.012 

20 

40 

80 

160 

>160 

0.025 

2.5 

20 

40 

160 

>160 

0.05 

— 

10 

40 

80 

160 

0.1 


— 

20 

20 

SO 

0 

SO 

160 

>160 

>160 

>160 

0.012 

40 

160 

160 

>160 

>160 

0.025 

2.5 

20 

160 

>160 

>160 

0.05 

— 

5 

SO 

160 

>160 

0.1 

— 

— 

20 

20 

160 

0 

>160 

>160 

>160 

>160 

>160 

0.012 

20 

>160 

>160 

>160 

>160 

0.025 

2.5 

160 

>160 

>160 

>160 

0.05 

— 

2.5 

>160 

>160 

>160 

0.1 

— 

— 

160 

160 

160 


Tests with sulfapyridine 


0 

0 

0.3 

0.3 

0.6 

2.5 

2.5 


0.012 

0.3 

0.3 

0.6 

2.5 

2.5 


0.025 

0.15 

0.15 

0.6 

2.5 

2.5 


0.05 

3 ' 

0.15 

0.6 

2.5 

2.5 


0. 1 


— 

0.6 

2.5 

2.5 

0.05 

0 

PH 

20 

20 

40 

40 


0.012 

MBS 

10 

20 

40 

40 


0.025 


10 

20 

40 

40 


i 0.05 

- 

10 

20 

40 

40 


1 O.l 


— 

10 

20 

40 

0.2 

0 

40 

40 

SO 

SO 

>160 


0.012 

40 

40 

SO 

SO 

>160 


0.025 

10 

40 

so 

so 

>160 


0.05 


10 

40 

so 

>160 


0.1 

— 

— 

20 

40 

40 

o.s 

0 

>160 

>1G0 

>160 

>160 

>160 


0.012 

SO 

>100 

>160 

>1G0 

>160 


0.025 

40 

>160 

>160 

>1G0 

>160 


0.05 

— 

10 

>1G0 

>160 

>360 


0.1 

— 

— 

20 

40 

l 

40 


* (— ) indicates no growth even in the control tube which contained no sulfonamide. 
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SUMMARY 

Experiments have been carried out to determine the effects of azochloramide 
on the response of sensitive and resistant pneumococci tothe sulfonamides. The 
results show that azochloramide concentrations which in themselves are distinctly 
growth inhibitory do effect slight increases in sulfonamide sensitivity. These 
increases are of the same order for both sensitive and resistant strains and can be 
accounted for by the reduction in the initial populations of the cultures produced 
by azochloramide. This substance does not abolish the sulfonamide resistance 
of pneumococci. 

Experiments carried out with Escherichia coli likewise show that concentra- 
tions of azochloramide which are distinctly growth inhibitory effect a slight in- 
crease in sulfonamide sensitivity. Again the increase in sensitivity appears to be 
due to a # reduction in the initial population of the culture. 

Additional experiments with Escherichia coli show that antagonism of sulfona- 
mide activity by peptone or p-aminobenzoic acid is not blocked by azochloramide. 
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Since vitamins are known to play important r61es in cellular metabolism which 
must be altered in the kidney of experimental renal hypertensive animals and 
since there are clinical reports of a certain effectiveness of vitamin A concentrates 
in essential hypertension in man (1), we undertook a study of the possible effect 
of various vitamin preparations, including vitamin A concentrates, on the blood 
pressure of renal hypertensive dogs. We previously reported that vitamin C, 
a vitamin B concentrate, and vitamin E were without effect on this form of 
experimental hypertension (2). More recently we have found dried brewer’s 
yeast 2 in a daily oral dose of 2 gm. per kilo, for six months to be without thera- 
peutic effect in two hypertensive dogs (3). In a preliminary communication, 
we also 'reported that one lot of a vitamin A concentrate in sesame oil showed an 
excellent antihypertensive effect in a daily oral dose of 1 cc. for three months fol- 
lowed by 2 cc. for three months (200,000 1.U. of vitamin A per cc.) but that the 
therapeutic activity was not due to vitamin A since two other lots of presumably 
the same concentrate, as well as a vitamin A alcohol in equivalent dose, were 
inactive antihypertensively (4). In view of these findings and the reports by 
Grollman and his co-workers confirming the irregular presence of an orally effec- 
tive antihypertensive principle in fish liver and other marine oils (5), we have 
studied additional vitamin A concentrates and also certain fish liver oil and 
marine oil fractions in renal hypertensive dogs in a further effort to demonstrate 
and identify this antihypertensive principle. We likewise studied the possible 
antihypertensive effect of vitamin K in dogs. While in progress this study was 
stimulated by reports of the effectiveness of vitamin K (and other quinones) in 
experimental renal hypertension (6, 7). Our findings with the additional vita- 
min A concentrates, the fish liver and marine oil fractions, and vitamin K in the 
treatment of experimental renal hypertension are summarized in this report. 

Methods Dogs weighing 10-15 ktlo. were rendered hypertensive by the classic Gold- 
blatt technique and show ed a good to evcellent grade of hypertension for a minimum period 
of five months prior to use as assay animals Mean blood pressures w ere determined two to 
three times weekly by direct femoral arterial puncture Body weights, blood urea nitrogens 
and urines were checked at monthly intervals These observations were continued for a 
minimum of siv months following treatment 

Results. I. Vitamin A Concentrates. Therapeutic assay of a fourth lot of 
presumably the same vitamin A concentrate 5 previously reported as excellently 

1 This work was aided by grants from the John and Mary It Markle Foundation and the 
Graduate School Itcscuri h Fund of the University of Illinois 

1 Supplied b> Mead Johnson and Company 

1 Supplied lii the Winthrop Chemical Comp my us Afu\in 
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antihypertcnsive for one lot and inactive nntihypcrfensively for two other lots 
(4), demonstrated no effect in one dog and a slight but significant decrease in 
blood pressure in two other animals. Each animal received 2 cc. of the concen- 
trate by mouth daily for six months (200,000 I.U. of vitamin A per cc.). 

Another vitamin A concentrate 4 administered orally for four months and intra- 
muscularly for an additional four months produced a slight but significant 
decrease in blood pressure in one hypertensive dog. The daily oral dose of the 
concentrate in sesame oil was 2 cc. (100,000 I.U. per cc.) and the daily intramus- 
cular dose in "injectable oil” was 2 cc. (100,000 I.U. per cc.). 

A third vitamin A concentrate 5 in sesame oil was inactive antihypertensively 
in one dog in a daily oral dose of 2 cc. (100,000 I.U. per cc.) for four months. 

These results as well as those previously reported for the first vitamin A con- 
centrate are summarized in table I. 

II. Fish Liver and Marine Oil Fractions. Therapeutic assay of the residue oil 
from vitamin A stills 6 in a daily oral dose of 2 cc. for four months, showed no 
effect in one hypertensive dog. A distillation residue from mixed fish body oils 7 
from which most of the fatty acids had been removed (designated as “blended 
pitch”) given to hypertensive dogs in a daily oral dose of 4-6 gm. for four months 
proved inactive antihypertensively. A distillation residue from marine fish liver 
oils (designated as “marine pitch”) was administered to four hypertensive dogs 
in a daily oral dose of 4-12 gm. for four months without significant effect on blood 
pressure. The first residue contained approximately 1000 I.U. of vitamin A per 
cc.; the other two were devoid of vitamin A. The results are summarized in 
table 1. 

III. Vitamin K. The possible antihypertensive activity of this vitamin 5 was 
assayed in six dogs. One animal received vitamin IC in sesame oil in a dose of 
30 mg. daily by mouth for three months. Four dogs were given vitamin K pow- 
der mixed with food in a daily dose of GO mg. for six months. The sixth dog 
received the latter dose intramuscularly in sesame oil for six months. None of 
these animals showed any significant change in their hypertensions. The re- 
sults are summarized in table 1. 

Discussion. Of the four lots of the first vitamin A concentrate studied excel- 
lent antihypertensive activity and slight antihypertensive activity were found in 
only the first and fourth lots respectively. No antihypertensive effect was found 
in the second and third lots. Slight antihypertensive activity and no antihy- 
pertensive activity were demonstrated in the second and third concentrates 
respectively. Obviously this activity is inconstantly present in vitamin A con- 
centrates and in variable amounts wholly unrelated to vitamin A potency. 

Our failure to demonstrate the activity in the residue from vitamin Astills and in 

* Supplied by the E. A. Brewer Company as Avitn. 

* Supplied by the Nion Corporation. 

« Supplied by the Distillation Products, Inc. 

7 Supplied by the Werner G. Smith Company. 

8 Supplied by the Winthrop Chemical Company as Kappaxin. 
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the residues resulting from the distillation of mixed fish body oils and marine fish 
liver oils suggests either that the active principle is volatile or is destroyed during 

TABLE 1 


Vitamin A concentrates, marine oil fractions and vitamin K 1 n the treatment of 
experimental renal hypertension 



CO 

O 

o 

p 

w 

o 

o 

X 

DOSE PER DAY* 

LENGTH or 
TREAT- 
MENT 

BLOOD PRESSURE 
RANGE (MM. DC.) 

ANTI- 

HYPER- 

TENSIVE 

EEIXCTt 

Before 

treatment 

At end of 
treatment 

Vitamin A Concen- 

in 

Lot 




146-180 

100-115 

+++ ' 

trates 


1 

3 

1-2 cc. 

6 mo. 

196-205 

130-150 

+++ 







150-170 

125-145 

++ 



2 

3 

2 cc. 

2-6 

150-170 

140-160 

— 






mo. 

170-190 

170-185 

— 







150-180 

150-180 




3 

1 

2 cc. 

4 mo. 

155-180 

140-150} 

— 



4 

3 

2 ce. 

6 mo. 


130-150 

+ 







170-185 

175-190 

— 







155-185 

140-165 

+ 


#2 


1 

2 cc. orally 

8 mo. 

msm 

135-140 

+ 





and X.M. 






*2 


1 

2 cc. 

4 mo. 


165-180 

~ 

Fish Liver and Marine 

Residue 

1 

2 cc. 

4 mo. 

155-175 


_ 

Oil Fractions 

oil 









Blended 

2 

4-6 gms. 

4 mo. 



- 


pitch 





220-240 

- 


Marine 

4 

4-12 gms. 

4 mo. 


EaBE 

— 


pitch 




175-190 

175-185 

— 







145-170 

155-180 

— 







175-190 


— 

Vitamin K 

In Sesame 

1 


3 mo. 

140-160 





! 









Crystalline 

4 


6 mo. 

150-170 

145-165 

- 







160-180 

iMuiSEiil 

— 







[EEfiEl 

160-185 

— 







140-160 

130-155 

— 


In Sesame 



6 mo. 

UiUSMtl 

IlKiBWl 

— 


oil 


1 


1 

t 



* Oral unless otherwise stated, 
t Antihypertensive effect, 
t Spontaneous decrease unrelated to treatment. 

— No antiliypcrtensivc effect. 

+ Slight antiliypcrtensivc effect. 

++ Moderate antiliypcrtensivc effect. 

+++ Excellent antiliypcrtensivc effect. 

distillation. The recent report of Grollmnn (5) indicates that the principle dis- 
tills over. Obviously much work remains to be done in order to determine the 
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best sources of this orally effective antihypertensive principle and the optimal 
conditions for its separation, concentration, and identification. 

Our findings with vitamin K are at variance with those reported by Oppen- 
heimer et al. (6) and Schwarz and Ziegler (7) for hypertensive rats. Certainly 
our results do not warrant trial of this vitamin in the treatment of human 
hypertension as suggested by the latter. 

SUMMARY 

1. Vitamin A concentrates inconstantly contain variable amounts of an 
orally effective antihypertensive principle demonstrable by assay on renal hyper- 
tensive dogs. This principle was not present in the assayed residues from marine 
oils subjected to distillation in the preparation of vitamin A concentrates and 
other products. The antihypertensive principle definitely is not vitamin A. 
More work is necessary in order to separate, purify, and identify this principle. 

2. Vitamin K is without antihypertensive activity in renal hypertensive dogs. 

We are grateful for the technical assistance of Messrs. R. E. Vessey, H. Mina- 
toya and T. Lefco. 
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It has been shown that approximately 65% of patients with eclampsia and pre- 
eclampsia are hypersensitive to the pressor action of Pituitrin, Pitressin and 
Pitocin (1, 2, 3). This hypersensitivity could be due either to an increased sensi- 
tivity of the effector cells or to a dimin ished destruction or inactivation of the 
pressor substance. The primary aim of this investigation was to test this latter 
hypothesis. A secondary aim was to determine whether this hypersensitivity to 
the pressor action also extended to the oxytocic activity. 

In numerous experiments on the nature of the posterior pituitary substances 
it has been found that they can be inactivated by certain enzymes and tissue 
preparations. Heller and Urban (4) showed that the anti-diuretic hormone is 
inactivated by dog blood and serum, rabbit and human blood but not by the 
cerebro-spinal fluid. The time for inactivation varied from one and one-half 
to five hours at 39°C. when 50 milliunits of pituitrin was added to one cc. of the 
tissue. 

Larson (5) determined that the pressor component as tested on the barbitalized 
cat is inactivated by incubation at 37°C. for 24 to 72 hours with extracts of liver, 
kidney, muscle or blood from dogs, cats or rabbits. An amino-peptidase and a 
dipeptidase obtained from dog tissue were also found to inactivate the vaso- 
pressin. In an effort to separate the oxytocic and vaso-pressor fractions of 
pituitary' by enzymatic hydrolysis Christlieb (6) found that they were equally 
inactivated by 24-hour incubation at 37°C. by various concentrations of tissue 
extracts. She used intestine, liver, kidney and muscle and tested the responses 
on isolated sheep uteri and on the blood pressure of the rat. 

Feteke (7) found that the blood serum from pregnant women was more active 
in inactivating oxytocin than was non-pregnant blood serum. He used the iso- 
lated guinea pig uterus as the test organ and showed that one unit of oxytocin 
was inactivated by two-hour incubation with pregnancy serum. This could also 
be demonstrated on the human uterus. Ten units of pituitrin incubated for 15 
hours with 10 cc. of pregnancy' serum produced no uterine contractions while a 
control 10-unit dose produced very' violent contractions. Feteke also found that 
using very' sensitive rat uteri normal serum produced contraction while pregnancy 
serum did not. This indicates the presence in normal serum of an oxytocic sub- 
stance probably of posterior pituitary origin. 

1 Now at Division of Pharmacology, University of California Medical School, San 
Francisco. 
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Human pregnancy blood can also inactivate the vaso-pressor fraction. This 
has been shown by Wcrle and Ivalvelage (8) using the rat blood pressure. The 
inactivating substance appears at about the second month of gestation and 
increases in amount up to term and then decreases, finally disappearing about 
three weeks after delivery. This inactivating substance was not found in the 
fetal blood. 

Methods. In a scries of patients (tabic 1), some normal and others showing symptoms 
of toxemia, the uterine contractions were recorded by an intra-utcrine balloon and optical 
manometer ns previously described (9). Commercial Pitocin and Pitressin were used in 
doses ranging from 0.1 to 2 units. These were administered intravenously in order that a 
clear, rapid uterine response could be obtained. In the toxemic patients labor was induced 
by the uterine balloon and pituitary preparations, while in the normal patients the balloon 
was not inserted until labor was well established. 


TABLE 1 
Pregnant patients 








SVVPTOirS ON ADMISSION 

PATIENT 

ACE 

CRAV. 

TARA. 

DURATION 

or 

PREGNANCY 

b.p. 

Edtma 

Albumin* 

uiia 

Headache 

and/or 

visual 

disturb. 

It. H. 

18 

I 

0 

months 

Term 

115/70 




R. G. 

16 

I 

0 

Term 

1 Jr!- rot* 

— 

— 

- 

M. M. 

31 

VI 

V 

3 

jjg S|§ 

+ + 

— 

+ 

E. W. 

33 

V 

V 

5 

W 

++ 

— 

+ 

M. S. 

30 

XIII 

XIII 

6 

1 


— 

+ 

B.M. 

35 

XII 

XI 

7 } 

■ vft !fW, 

— 

— 

— 

E. B. 

20 

I 

0 

8 

190/85 

+ 

+++ 

— 

C.H. 

21 

VI 

IV 

8} 

140/100 


— 

+ 

A. B. 

25 

VI 

V 

Term 

130/100 


+ 

+ 


After a sufficient control record (40 min. to 3 hrs.) was obtained a small dose of the sub- 
stance to be tested was injected in 10 to 40 cc. of istonic saline solution. If the response was 
suitable this dose was used as the control. If not, a slightly larger dose was given. In the 
later months of gestation 0.1 unit of Pitocin was found to give a suitable response. In the 
early months, up to one unit was necessary-. The dose of Pitressin (necessary to produce a 
uterine response) varied from 0.3 to 2.0 units. In the case of Pitressin while only the oxyto- 
cic activity was recorded other signs of activity such as nausea, vomiting, defecation and 
changes in intestinal activity, blood pressure and pulse rate changes were noted. 

Blood was drawn from the patient, heparinized and the test dose of pituitary' substance 
added. After a period of incubation at 37°C. this blood was reinjected. A control dose was 
then again administered, allowing at least 40 minutes between each injection. 

In some of the patients the Pitressin and Pitocin were administered after incubation in 
blood from cross-matched donors. These donors included normal males, a non-pregnant 
female, and a 7-day post partum patient. 

Results and Discussion. Figure 1 illustrates the results obtained. The 
results of incubating Pitocin in pregnancy blood are given in Table 2, and in non- 
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pregnancy blood in Table 3. Tables 4 and 5 give the results with Pitressin. 
all cases where the oxytocic action of Pitressin was nullified all other symptor 
of Pitressin activity were also removed. 

The oxytocic components of Pitocin and Pitressin are rapidly inactivated by 
short period of incubation in blood obtained from pregnant humans. T 





E PITRESSIN 


Fio. 1 . Uterine Pressure Records Showing the Re svlts of Incubating Pitocin a 
Pitressin in Human Pregnancy and Non-pbecnanct Blood 
Each division on the pressure standard is equal to 50 mm. Ilg. Time, one minute. 
Pitocin — Record from patient M. S. A : Pitocin, one unit, in 40 cc. saline injected int 
venously at signal. B: Pitocin, one unit, incubated in 40 cc. of the patient’s blood fot 
min. and injected at signal. C: Pitocin, one unit, incubated for 15 min. in 50 cc. of m 
blood (R. W.) injected at signal. Note the almost complete inactivation of the oxyto 
effect of Pitocin when incubated in the pregnancy blood. 

Pitressin — Record from patient B. M. D: Pitressin, 0.75 unit, incubated for 15 min 
10 cc. of the patient's blood. Noto the complete inactivation. E: Pitressin, 0.75 ui 
incubated for 15 min. in 10 cc. of male blood (G. C.). This Pitressin response is equal to 
control response which is not illustrated. 


pressor component is also inactivated since after incubation Pitressin does l 
show any of its usual smooth muscle effects. Previous work has shown tl 
while many tissues including blood can inactivate the posterior pituitary st 
stances a long period of incubation is required. Wc have found that huir 
pregnancy blood can very' rapidly inactivate these substances. The obsen 
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maximal rate of inactivation was 0.025 unit of Pitocin per cc. of blood in 20 
minutes and 0.1 unit of Pitressin per cc. of blood in 20 min. These values are 

TABLE 2 


Pitocin in pregnancy blood 


PATIENT 

CESTATION* 

PERIOD 

DIAGNOSIS 

PITOCIN DOSE 

BLOOD 

INTUBATION* 

Hue 

RESULT 

M. M. 

months 

3 

Toxemia 

units 

0.5 

n 


Not inacti- 

M. S 

G 

To\emia 

1.0 



vated 

Inactivated 

B M. 

n 

Hypertension 

0.1 


20 

Inactivated 

C.H. 

si 

To\cmia 

0 1 

ifell 

20 

Inactivated 

R. G. 

9 

Normal labor 

0.1 

9 

25 

Inactivated 

K H 

9 

Normal labor 

0.1 

10 

30 

Inactivated 


TABLE 3 


Pitocin m non-prcgnancy blood 


DONOR 

TYPE 

TEST PATIENT 

PITOCIN DOSE 

BLOOD 

INCUBATION 

TIME 

RESULT 


mm 


units 




II W 


M S 

1 0 



Not inactivated 

G C 

B 

B. M. 

0 1 

10 


Not inactivated 

H. II 

Male 

B M 

0 1 

10 


Not inactivated 

1 W 

Female 

E B 

0 I 

10 


Not inactivated 

M P 

7 days post- 
partum 

E B 

0 1 

10 


Inactivated 


TABLE 4 


Pitressin m picgnancy blood 


PAT ENT 

GESTATION 
, PERIOD 

DIAGNOSIS 

PITRESSIN 

DOSE 

BLOOD 

INTUBATION 

TIUE 

RESULT 


months 


units 

CC 

minutes 


M. M 

3 

Toxemia 

1 0 

50 

20 

Not inacti 







vated 

E. W 

5 

Toxemia 

0 4 

50 

20 

Inactivated 




0 4 

20 

25 

Inactivated 

B M 

71 

Hypei tension 

0 75 

10 

15 

Inactivated 

C.H 

si 

Toxemia 

0 3 

10 

20 

Inactivated 




2 0 

20 

20 

Inactivated 

\ B 

0 

Toxemia 

0 12 

20 

20 

Inactivated 




1 2 

20 

20 

Inactivated 

11 G. 

9 

Normal labor 

0 25 

15 

60 

Inactivated 

11 H. 

9 

Normal labor 

0 5 

20 

13 

Inactivated 


probably not the absolute maximums since no attempt was made to determine 
these. 
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While the exact nature of the inactivating substance is unknown it is probably 
an en 2 yme. Amino-peptidase and dipeptidase from various a ni mal tissues (5) 
and from yeast (10) have been found to inactivate oxytocin and vaso-pressin. 
Extract of hypertensive kidney can inactivate Pitocin but pepsin and rennin free 
from hypertensinase cannot (10). 

This ability to rapidly inactivate the posterior pituitary substances appears 
some time after the third month of pregnancy, before the fifth month of preg- 
nancy and persists until at least 7 days post partum (see table 6). It is not 


TABLE 5 

Pitressin in non-pregnancy blood 


DONOR 

TYPE 

TEST 

PATIENT 

PITRESSIN 

DOSE 

BLOOD 

1 INCUBATION 
THEE 

RESULT 




units 

cc. 

minutes 



Male 

B. M. 

0.75 

10 

15 

Not inactivated 

A. W. 

Female 

E. B. 

0.3 

10 

20 

Not inactivated 

M. P. 

7 days post- 
partum 

E. B. 

0.3 

10 

20 

Inactivated 


TABLE 6 


Inactivation of Pitocin and Pitressin in pregnancy and non-pregnancy 


DONOR 

TYPE 

CESTATION PERIOD 

PITOCIN" 

PITRESSIN 

R. W. 

IBM 

months 

Not inactivated 


G.C. 

U. H. 

HHt 


Not inactivated 

Not inactivated 

Not inactivated 

A. W. 

Female 

0 

Not inactivated 

Not inactivated 

M. XI. 

Female 

3 

Not inactivated 

Xot inactivated 

E. IV. 

Female 

5 


Inactivated 

M.S. 

Female 

G 

Inactivated 


B.M. 

Female 


Inactivated 

Inactivated 

C. II. 

Female 

si 

Inactivated 

Inactivated 

A. B. 

Female 

9 


Inactivated 

R. G. 

Female 

9 

Inactivated 

Inactivated 

R. 11. 

Female 

9 

Inactivated 

Inactivated 

M. P. 

Female 

7 days post- 
partum 

Inactivated 

Inactivated 


present in males, non-pregnant females and early pregnant females (under 3 
months). These observations suggest that some of the abortions from increased 
uterine activity may occur because the individual finis to increase her capacity 
to destroy posterior pituitary material before or by the time the uterus becomes 
more responsive to the oxytocic material. Robson (11) has shown that during 
the 12tli to 2-lth week of pregnancy the human uterus becomes more sensitive to 
pituitary oxytocic substances. These observations also serve as additional 
evidence that the posterior pituitary is not the causative agent of parturition 
in the human. 
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The data also show that the increase in uterine activity following 0.1 unit of 
Pitocin is much greater in two toxemic patients than in the normal controls (see 
fig. 2). The series is too small to justify definite conclusions, but it does indicate 
that toxemic patients are hypersensitive to the oxytocic activity of pituitary sub- 
stances. 

The blood of toxemic as well as normal pregnant humans can inactivate rapidly 
Pitocin and Pitressin. This indicates that the hypersensitivity of pre-eclamptic 
and eclamptic to vaso-pressin and oxytocin is not due to a diminished ability 
to inactivate these substances. 




TIME I MIN. PITOCIN CONTROL 

Fig. 2. Uterine Pressure Records Showing the Response to 0.1 unit of Pitocin in 

Four Patients 

Each division of the pressure standard equal to 50 mm. of Hg. Time, one minute. 

The broken line is a reconstruction of the control uterine activity just before the admin- 
istration of the Pitocin. The solid line represents the uterine response to 0.1 unit of Pitocin 
injected at signal. The hypersensitivity to Pitocin is obvious in the first toxemic patient 
(C. H.). The response to Pitocin shown by patient E. B. does not at first appear excessive, 
but when the control uterine activity in this patient is compared to the controls in the nor- 
mal patients the response to Pitocin seems greater than in the normals. 


SUMMARY AND CONCLUSIONS 

1. Blood from humans from about the fifth month of pregnane}' to at least 
seven days post partum can rapidly inactivate Pitocin and Pitressin as tested by 
their oxytocic action on the pregnant human uterus. These observations serve 
as additional data that the posterior pituitary is not the causative agent of 
parturition in humans. 

2. Blood from males, non-pregnant females and early pregnancy cannot inacti- 
vate these substances as rapidly. 
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3. Toxemic patients appear to be more sensitive to the oxytocic action of 
Pitocin. 

4. Toxemic patients can inactivate Pitocin and Pitressin as rapidly as normal 
patients. The hypersensitivity of pre-eclamptics and eclamptics to vaso-pressin 
and oxytocin is not associated noth a diminished ability of the blood to inactivate 
these substances. 

This work was supported in part by a grant from Eli Lilly and Company. The 
authors wish to thank Lederle Laboratories for supplying the Heparin. 
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